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Abstract 
 
GENETIC STRUCTURE AND GENE FLOW BARRIERS AMONG POPULATIONS OF 
AN ALPINE BUMBLE BEE (BOMBUS BALTEATUS) IN THE CENTRAL ROCKY 
MOUNTAINS 
 
Kaitlyn Marie Whitley 
B.A., University of North Carolina at Chapel Hill 
M.S., Appalachian State University  
 
Chairperson:  Dr. Jennifer C. Geib 
 
The intermountain Western US has experienced significant environmental impacts 
from climate change over the last 50 years, creating novel challenges for species that occupy 
this area.  Metapopulation theory predicts that extant populations with greater 
interconnection via dispersal and gene flow should be more likely to withstand such 
environmental challenges, exhibiting greater likelihood of persistence. This study 
investigated the relative extent of genetic connectance among populations of Bombus 
balteatus, an ecologically important native bumble bee species in alpine habitats of the 
central Rocky Mountains in Colorado.  This species and one other (B. sylvicola) historically 
comprised over 95% of samples captured in the region during the 1960s and 70s but has 
experienced declines in its relative abundance in recent years. This decline has likely been 
facilitated by climate-mediated decreases in floral resources coupled with increased 
competition from upwardly mobile lowland Bombus species. I examined population genetic 
structure using microsatellite markers and then used geospatial modeling to determine how 
the landscape influences this genetic structure. I used MaxEnt to develop environmental 
niche models and estimate habitat suitability using climate and landscape data and a 
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comprehensive set of occurrence records for B. balteatus. I used Circuitscape to develop 
models of habitat connectivity, represented as dispersal pathways between populations and 
areas of suitable habitat. I also used Circuitscape to estimate pairwise resistance distances 
between sampling localities in order to examine patterns of Isolation by Resistance among 
populations.  
My data suggest that populations of B. balteatus have low but significant pairwise 
genetic differentiation between populations, with evidence of inbreeding likely due to a 
heterozygote deficiency, which may be a result of evident population structuring. Structure 
analyses revealed six genetic clusters among the nine populations sampled, with two clearly 
defined population groups. Populations did not show isolation by distance and the 
relationship to pairwise genetic differentiation did not improve by incorporating climate and 
landscape variables into models as pairwise resistance distances. MaxEnt analyses revealed 
elevation, land-use, and mean temperature of the wettest quarter as having the strongest 
influence on the best-fitting niche models. High habitat suitability for B. balteatus was 
predicted to occur at high elevations in areas with high perennial snow and ice. Circuitscape 
analyses revealed high habitat connectivity along high elevation ridgelines, while dispersal 
appears to be limited by low elevation forested valleys and major highways. Results suggest 
that there may not be direct barriers to gene flow and that the current arrangement of suitable 
habitat at a broad scale may sufficiently explain the observed levels of population 
differentiation. Although the data suggest populations of B. balteatus may be able to disperse 
across the landscape and exchange genes among populations, conservation management 
strategies should be directed toward protecting areas of high elevation suitable habitat that 
connect populations via dispersal pathways.  
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Chapter 1 
GENERAL INTRODUCTION  
 
Pollinators are responsible for facilitating nearly 90% of all flowering plant species 
reproduction and for increasing the quantity and quality of over 60% of the worlds crops (Jha 
and Kremen 2013). Bees are one of the most important and effective pollinators and bumble 
bees are considered keystone species within plant-pollinator communities because they 
pollinate both abundant and rare plant species (Jha and Kremen 2013). Bumble bees have 
faced significant declines in relative abundance and geographic range over the past few 
decades (Cameron et al. 2010). These widespread patterns of decline are largely attributed to 
habitat fragmentation and loss, agricultural intensification, pathogens and diseases, 
competition with non-native species, and increased use of pesticides and insecticides (Darvill 
et al. 2006, Cameron et al. 2010; Hadley and Betts 2012; Dreier et al. 2014).  
Bumble bees face many threats in human and climate-altered landscapes and are often 
the first bee species to be extirpated with land use intensification (Goulson et al. 2008; Jha 
and Kremen 2013). Bumble bees are particularly susceptible to decline due to their low 
effective population sizes, low genetic variation from haplo-diploidy, and their monoandrous 
mating system (Darvill et al. 2006). Although colonies can contain upwards of 200 workers, 
only one reproductive queen is responsible for producing all the offspring, meaning that even 
apparently abundant populations may actually have limited genetic diversity and may be 
more vulnerable to stochastic effects (Dreier et al. 2014).  
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Bumble bee life cycle 
Bumble bees are an ephemeral species; the female workers and male drones typically 
live for 2-5 weeks while the queens live for 9-12 months (Goulson 2010). Although bumble 
bees have a fast generation time and are able to evolve quickly (e.g., see Miller-Struttmann et 
al. 2015), they are also more susceptible to genetic drift because the population is re-
established every year. Their life cycle (Fig. 1) begins in the spring, when the queens that 
have been hibernating over winter emerge as ground temperatures rise (Goulson 2010).  
These new queens were inseminated the previous year and overwinter with sperm inside of 
their spermatheca (Goulson 2010). The new queens immediately begin to forage for nectar to 
regain energy and begin to look for suitable nesting sites to lay their first brood of eggs. This 
is the first opportunity for dispersal and a new queen can disperse around 1 kilometer away 
from her overwintering site to found her own colony (Bowers 1985). Because a new queen is 
inseminated the season before hibernation, she is dispersing male genes as well as her own 
via the stored sperm and therefore contributes more to gene dispersal than do males (Drier et 
al. 2014).  
Upon finding a suitable nesting site, the first brood a queen lays are all female 
workers. These workers will help collect pollen and nectar for the colony, while the queen is 
the sole member responsible for producing more female offspring throughout the season to 
build the colony (Goulson 2010). As the season comes to an end (the length of which is 
species-specific) and when both provisions and the colony are abundant in size, the queen 
will begin producing new queens and males. New queens are produced by receiving more 
resources over a longer period of time than worker females and males are produced from 
unfertilized eggs (Goulson 2010). A queen controls the sex of her offspring and can produce 
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male offspring even when she has not mated, which contributes to the haplodiploid nature of 
bumble bees (Goulson 2010).  
The new queens and males leave the nest to mate with other bumble bees and this is 
the second opportunity for dispersal. They are the only reproductive members of the colony 
so their ability to disperse away from their natal site to avoid inbreeding is critical for the 
success of future colonies (Goulson 2010). Evidence from agricultural habitats suggest that 
new queens can disperse up to 3-5 km away from their natal colony to mate while males can 
disperse anywhere from 1-10 km, which helps prevent inbreeding (Lepais et al. 2010; 
Goulson et al. 2010). Once mated, new queens feed heavily on pollen and nectar to store as 
energy reserves for hibernation and then search for overwintering sites, which is the final 
potential for dispersal. The old queen, workers, and males will all die at the end of the season 
while the new queens survive until the following spring and the cycle begins again (Goulson 
2010).  
Bumble bee dispersal 
Dispersal across landscapes is essential for gene flow, maintaining adaptive genetic 
variation, and preventing inbreeding (Jha and Kremen 2013). Patterns of dispersal and gene 
flow are key determinants of a species’ ability to respond to population pressures, yet this has 
been scarcely investigated at a fine scale in bumble bees (Dreier et al. 2014). Very little is 
known about bumble bee gene flow processes and despite the relevance of dispersal to 
ecology and conservation, few studies have examined bumble bee dispersal at local spatial 
scales across heterogeneous landscapes (Jha and Kremen 2013; but see Lozier et al. 2013).  
Studies of bumble bee dispersal have typically taken place in agricultural landscapes 
(Drier et al. 2014), in manipulated landscapes (Goverde et al. 2002; Carvell et al. 2012), or in 
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island systems (Darvill et al. 2010; Goulson et al. 2011), while very few studies have been 
conducted in montane environments (Lozier et al. 2011, 2013). In agricultural landscapes, 
bumble bee dispersal distances are estimated to be around 2-10 km for males and 1-5 km for 
new queens (Goulson 2010). A study on two co-occurring species in the Scottish Isles found 
that one species is capable of dispersing over 30 km, while the other species rarely travels 
farther than 10 km (Goulson et al. 2011). The common European bumble bee (B. terrestris) 
is capable of dispersing up to 9.9 km (Kraus et al. 2009), while two other European bumble 
bees (B. lapidarus and B. pascuorum) are capable of dispersing 3-5 km from their natal site 
(Lepais et al. 2010).  
While these studies provide evidence that bumble bees area capable of dispersing a 
wide range of distances across simple landscapes, it is important that more studies examine 
the dispersal abilities of bees in more complex landscapes, such as alpine environments. In 
response to climate change, species are predicted to shift upward in latitude and elevation 
into more heterogeneous landscapes. One of the few studies that have examined bumble bees 
in a more complex landscape, set in the western US, found that populations of two species 
(B. occidentalis and B. bifarius) experienced relatively strong genetic drift at high elevations 
(Lozier et al. 2011).  This finding suggests that the montane environments in which these two 
species are found may lead to genetic isolation in species that would otherwise be weakly 
differentiated (Lozier et al. 2011). In topographically complex ecosystems, bumble bee 
dispersal may be limited due to landscape heterogeneity, potentially resulting in greater 
phylogeographic and genetic structuring (Lozier et al. 2011).  
My thesis research addresses questions of spatial genetic structure and potential for 
interconnectedness among populations of Bombus balteatus, a native bumble bee that is 
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confined to alpine habitats above treeline in the Colorado Rocky Mountains. This system 
provides an interesting context for examining the interplay of landscape and population 
connectance due to the heterogeneity of the terrain, which is characterized by a variety of 
features that could either promote or resist movement of individuals in the region (e.g., deep 
valleys, high elevation ridges, and variation in vegetation cover).  
Mountaintop biogeography and the alpine 
Populations in high elevation ecosystems may be considered “island-bound” if the 
montane habitat patches they occupy occur within a less favorable habitat matrix or are 
confined by landscape barriers (Brown 1971; Floyd et al. 2005; Lozier et al. 2013). Alpine 
habitats have been deemed “vertical islands” due to their significant landscape heterogeneity; 
the steep elevational cline provides gradual changes, creating a mosaic environment above 
treeline (Martin 2001). Alpine environments have harsh climates that limit what survives 
there, yet are known to support unique hotspots of biodiversity, making them one of the most 
complex landscapes in the world (Diaz and Millar 2004). Heterogeneity above treeline is 
driven by high winds, prolonged snow cover, high aridity, steep terrain, intense ultra-violet 
radiation, and varying extremes of heat and cold throughout the year (Martin 2001). The 
alpine is one of the coldest and most relentless biomes, making the biodiversity that does 
survive there extremely unique. Environmental stochasticity increases with elevation and 
when combined with a short breeding season and strong seasonality of resources, inhabitants 
are forced to move to and from very patchy habitats (Martin 2001). To avoid island-effect 
isolation and loss of genetic diversity, species-specific dispersal abilities are crucial in 
determining whether an organism survives to another season, or whether it is extirpated from 
the land above the trees.  
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Climate change in the Rocky Mountains 
The intermountain Western US has experienced significant warming (>2° C) over the 
past few decades at a rate much faster than the rest of the US (Diaz et al. 2014). This 
warming has occurred at the highest elevations, with another 4°C increase in temperature 
predicted for the highest mountain ranges by the end of the century (Manino et al. 2007; Diaz 
et al. 2014). The alpine ecosystem within this region is the only one in the world that exists in 
all different climatic zones—from the polar region to the equator—and is thus of high 
ecological concern (Diaz and Millar 2004). Alpine habitats are uniquely sensitive and 
provide crucial early signals of significant climate-driven changes that are occurring on a 
global scale (Diaz and Millar 2004). These already fragmented habitats are predicted to go 
through even further reduction in size under future climate change scenarios, which could 
compromise inhabitant survival (Manino et al. 2007). The recent warming has caused 
transcontinental shifts in the timing of species’ life cycles and expansion of ranges toward the 
poles and toward higher elevations (Kerr et al. 2015). As populations track suitable habitat 
conditions upslope, montane species are predicted to become increasingly isolated, making 
the species confined to these habitats more at risk to the effects of climate and land-use 
change in already fragmented habitats (Lozier et al. 2013). Climate change effects will 
continue to shape alpine habitats and have the potential to cause large-scale local extinctions 
for species that are already at the edge of their ranges (Manino et al. 2007).  
A warming of only a few degrees has major implications for mountain regions; 
increased temperatures over the past 30 years are already severely reducing snowpack and 
consequentially shifting snowmelt runoff to earlier in the spring (Diaz et al. 2014). If these 
trends continue, snowmelt could occur up to a month earlier than has historically occurred in 
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the Western US (Diaz et al. 2014). A 33 year-long study in Colorado found a significant 
relationship between snowmelt timing and both peak flowering date and composition of co-
flowering plants (Forrest et al. 2010). Climate-mediated changes in co-flowering patterns can 
reduce the abundance and overlap of flowers that share pollinators and cause competition, 
which could reduce pollinator visitation to some plant species and could extirpate a particular 
species from a region (Forrest et al. 2010). Earlier snow melt is also associated with earlier 
flowering, reductions in flowering periods, and declines in the number of inflorescences on a 
flower (Forrest et al. 2010). These changes in floral phenology and abundance have the 
potential to disrupt ecological relationships among plant-pollinator interactions, resulting in 
altered assemblages of species at the local patch scale and influencing patch selection 
decisions of pollinators (Forrest et al. 2010).  
Any change in the availability of floral resources above treeline can be detrimental to 
pollinators which depend on them throughout the entire season. There is mounting evidence 
of non-normality of flowering distributions over the past 35 years; high summer temperatures 
have caused a bimodal distribution of floral resources, with an overall reduction in total 
flowers during the middle of the season (Aldridge et al. 2011). This is problematic for 
pollinators who are dependent upon a unimodal distribution of floral resources, where there 
is nectar and pollen available throughout the entire season. In an already condensed growing 
season, bimodality of flowering resources will adversely affect bumble bee colonies by 
constraining their potential for growth throughout the summer (Williams et al. 2015). 
Bumble bee peak abundance occurs in the middle of the season, when the queen has 
produced enough workers to collect resources for colony growth. If there is a longer interval 
between early and late flowering peaks, then bumble bees may not have enough resources to 
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provision their nest which would limit the amount of reproductives a queen can produce 
towards the end of the season (Miller-Rushing and Inouye 2009).  
Similar to floral phenology, bumble bee phenology is shifting as a result of earlier 
snowmelt. Data from museum collections of bumble bees compared to modern inventories 
show that multiple species are emerging from winter dormancy up to ten days earlier than 
historic records (Bartomeus et al. 2011). Queen emergence after hibernation in the spring is 
governed by ground temperature which is controlled by snowmelt; if queens are emerging 
earlier, this may not coincide with the changes in plant phenology, ultimately causing a 
disruption in plant-pollinator interactions (Hegland et al. 2009).  
Focal species Bombus balteatus  
Bombus balteatus was chosen as the focal species for this study because it is the only 
longue-tongued pollinator above treeline in the central Rocky Mountains. It is of particular 
ecological importance, as there is no other species providing functional redundancy for 
pollination of specialist long-corolla plants (Miller-Struttmann et al. 2015). B. balteatus has 
also experienced significant climate-mediated pressures in the form of loss of floral food 
resources and increased competition for those resources (Miller-Struttmann et al. 2015). 
At one site in this study, Pennsylvania Mountain, overall losses of millions of flowers 
have been observed since the 1970’s, explained by increasing summer minimum 
temperatures over that time period (Miller-Struttmann et al. 2015). Concurrently, lowland 
Colorado bumble bee populations have migrated upward in elevation over the past few 
decades, similar to patterns observed in the European Alps (Bommarco et al. 2011), leading 
to a roughly 200% increase in species richness and decreased relative abundance of the two 
historically dominant alpine bumble bee species, B. balteatus and B. sylvicola (Miller-
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Struttman et al. 2015). It is unclear how these native alpine species will fare under 
competition floral resources as well as nesting sites, which are a limiting factor for alpine 
bumble bees (Byron 1980).  
Interestingly,  B. balteatus and B. sylvicola at these sites have adapted to the loss of 
floral resources by adopting more generalized foraging strategies, broadening their diets to 
incorporate flowers that fall along a greater distribution of corolla tube lengths than their 
recent ancestors (Miller-Struttmann et al. 2015). Concomitantly, both species have also 
exhibited rapid evolution in the trait that mediates floral visitation, the length of their 
proboscis (tongue) (Miller-Struttmann et al. 2015). Should climate change continue along the 
current trajectory, shortening may cause a “functional mismatch” between the bees and the 
long-tubed flowers they once pollinated (Miller-Struttmann et al. 2015). Although changes in 
tongue length are likely to have larger consequences for the flowers (Pyke et al. 2011; Miller-
Struttmann 2015), the confinement of B. balteatus to high elevations (>3,500 m) may make it 
more susceptible overall to habitat fragmentation and isolation, mediated by food loss and 
competition. Fortunately, dispersal ability has been found to disproportionately correspond to 
body size, and B. balteatus is at the large end of the distribution for both size and weight, 
unlike its smaller compatriot B. sylvicola (Geib 2010). 
Challenges to persistence of B. balteatus populations may be part of a larger picture 
whereby long-tongued bees in general are not faring as well, relative to their short-tongued 
congeners (Goulson et al. 2005; Colla et al. 2012). Better understanding of how ecologically 
significant alpine bumble bees utilize their habitat may provide evidence of how other widely 
distributed species will fare under similar climate-driven conditions. 
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Habitat suitability 
Foraging range 
In order to predict how future climate and land-use changes will influence 
ecologically important species like B. balteatus, it is important to know species-specific 
habitat requirements (e.g., estimates of flight range, how bioclimatic and landscape 
conditions influence dispersal, and whether any barriers to movement exist). Foraging range 
is critical to bumble bee ecology as it determines how the landscape is utilized and the area 
of habitat that can be exploited; bees that can travel further distances to forage and 
successfully return to their colony may be better at exploiting a patchy habitat in a more 
heterogenous landscape (Goulson 2010; Geib et al. 2015).  
Studies that have examined flight range have found that these ranges vary 
considerably among bee species; some bees will consistently remain within 500 meters of 
their nest (B. pascuorum, B. sylvarum, B. ruderatus, and B. muscorum), while some forage 
1,500 m from their nest (B. lapidarius) and others over 2 km (B. terrestris) (Goulson 2010). 
Other studies on B. terrestris found that workers would consistently forage between 96-800 
meters away from their nest in agricultural landscapes, even when suitable forage was within 
50-100 m of a nesting site (Osborne et al. 1999; Wolf and Moritz 2008). This behavior may 
indicate that bumble bees will not necessarily forage on the closest available patches but may 
forage further away to minimize intra-colony competition (Dramstad 1996). Foraging 
distances for several Rocky Mountains species (B. balteatus, B. flavifrons, B. bifarius, and B. 
sylvicola) ranged from only 25-100 m, which indicates that high-elevation bumble bees may 
have shorter foraging ranges than their lowland counterparts (Geib et al. 2015). This is likely 
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a result of a shorter blooming season at high elevations, so inhabitants must maximize energy 
returns more than their lowland congeners (Cameron and Hines 2007; Geib et al. 2015).  
Bioclimatic conditions 
Many species of bumble bees have a boreal or high mountain distribution which is 
often disjoint, making them particularly sensitive to land use change and climate variation 
(Manino et al. 2007). Climactic factors greatly influence high elevation species and may limit 
their geographic distribution (Lozier et al. 2011; Pyke et al. 2011; Kudo 2013; Williams et al. 
2015). The stark contrast between summer and winter climates can greatly influence these 
bees, which require suitable year-round temperatures and sufficient yearly precipitation to 
provide both snowpack to insulate hibernation sites and rain for floral resources (Lozier et al. 
2013). Maximum extremes of temperature and solar radiation may cause water deficits and 
reduce nectar and pollen production (Hijmans et al. 2005; Williams et al. 2015). High 
precipitation may reduce foraging opportunities; heavy rainfall can impede a bees ability to 
fly and bees avoid pollen when it is wet because it can become too sticky (Pyke et al. 2011), 
while extremely low precipitation may decrease floral abundance and reduce food production 
(Hijmans et al. 2005).  
Barriers to dispersal and gene flow 
Strong genetic structuring occurs when populations are separated by such appreciable 
barriers, while little genetic structuring occurs when no substantial barriers between 
populations exist (Goulson 2010). Potential barriers to bumble bee dispersal include 
geographic distance (Rasmont et al. 1983; Ellis et al. 2006), bodies of water (Widmer et al. 
1998; Hingston 2006; Goulson 2010), impervious surfaces (Jha and Kremen 2013), floral 
resources (Persson and Smith 2013), and mountain ranges (Pirounakis et al. 1998; Widmer 
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and Schmid-Hempel 1999). Some studies have found that sea barriers between 3-10 km wide 
are sufficient to restrict gene flow between populations (Darvill et al. 2006; Hingston 2006; 
Darvill 2007), while other studies have found that bees are capable of traversing bodies of 
water that are 30 km wide (Darvill 2007; Goulson 2010). Island populations have exhibited 
reductions in heterozygosity and significant differentiation compared to mainland 
populations, indicating that water may provide resistance to dispersal and may make 
populations at risk for isolation (Bourke and Hammond 2002; Shao et al. 2004).  
Contemporary land-use changes associated with commercial, industrial, and 
transportation related impervious cover have been found to limit dispersal in populations near 
urban and suburban areas (Jha and Kremen 2013). Simple landscapes with limited floral 
resources and nesting habitats have been found to limit bumble bee abundance and species 
richness compared to complex landscapes with high availability of resources throughout the 
season (Persson and Smith 2013). Mountain ranges may function as barriers to dispersal for 
some species that are separated by 9-32 kilometers (Rasmont 1993; Pirounakis et al. 1998; 
Widmer and Schmid-Hempel 1999) while other populations show very little population 
structuring (Estoup et al. 1996).  
Landscape heterogeneity and metapopulation dynamics 
Landscape heterogeneity influences spatial distribution and dispersal ability 
influences how species are able to move within and between suitable patches of habitat 
(Baguette and Dyck 2007). Landscape connectivity shapes individual movements and 
influences the degree to which the landscape facilitates or impedes movements of individuals 
between resources patches (Baguette and Dyck 2007). Heterogeneity may cause species to 
aggregate in areas where there are abundant food resources and shelter and yet is equally 
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likely to cause species to move between habitat patches, incurring risks and possibly even 
death (Shen et al. 2009). Spatial variation thus influences how animals are distributed, how 
they perceive and respond to their environment, and ultimately why and when they disperse 
across the landscape (Kie et al. 2002).  
The goal of many biodiversity studies is to understand the relationship between the 
distribution of genetic diversity and environmental heterogeneity. Variation in dispersal 
ability and propensity to disperse influences metapopulation dynamics as it influences a 
populations’ ability to persist in fragmented habitat patches (Hawkes 2009; Goulson et al. 
2011). The ability to navigate, orient, and disperse over long distances and to adopt straighter 
and faster movements, especially where suitable habitat is patchy, can increase 
metapopulation viability (Baguette and Dyck 2007). Movement behavior and species-specific 
dispersal abilities can indicate how metapopulations will fare in unpredictable landscapes and 
changing environments.  
Landscape features such as habitat quality and patch size are known to affect 
pollinator composition by influencing dispersal, foraging, and nesting abilities and landscape 
connectivity has been found to significantly impact pollinator communities by decreasing 
phylogenetic diversity (Adderly and Vamosi 2015). Source-sink dynamics and gene flow are 
likely to increase likelihood for dispersal, which necessitates an understanding of the 
metapopulation dynamics and gene flow among populations (Hadley and Betts 2012). Within 
a functioning metapopulation, dispersal ensures that local extinctions are followed by 
recolonizations; however, if habitat heterogeneity and fragmentation lead to larger distances 
between patches or isolation of patches, then suitable patches of habitat may remain 
unoccupied (Darvill et al. 2009). Metapopulation theory predicts that extant populations with 
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greater interconnection via dispersal and gene flow may be more likely to withstand 
environmental challenges and should therefore exhibit greater likelihood of persistence 
(Hanski and Gilpin 1991).  
Predictions and implications  
The aim of my research was to assess the importance of the landscape in determining 
the genetic structure of B. balteatus populations in the central Rocky Mountains using 
microsatellite markers and resistance models. Genetic structure (measured with microsatellite 
markers) can be used to indirectly measure dispersal and gene flow, which are directly 
related to how well individuals can fulfill important biological processes (foraging, mating, 
migration) and persist in their environment (Zeller et al. 2012). Landscapes may provide 
resistance to movement, depending on the willingness of an individual to disperse across a 
particular environment and the costs associated with movement (Zeller et al. 2012). If B. 
balteatus is limited in dispersal between high alpine habitats due to various resisting 
landscape factors or barriers to gene flow, then I expect to see low genetic diversity and 
heterozygosity within populations and high genetic structuring among populations.  
I hypothesize that B. balteatus populations are functioning as a metapopulation by 
occupying discrete habitat patches within a larger matrix of unsuitable habitat. If this is true, 
I expect to see patterns of isolation by distance, where populations that are closer to one 
another are more genetically similar than those that are farther apart. I also expect to see 
patterns of isolation by resistance, where populations that are connected by favorable habitat 
(flowering ridgelines with high sun, low wind, and moderate precipitation) will be more 
genetically similar than those that are separated by unfavorable habitat (low elevation 
forested valleys with low sun, high wind, and extremes of precipitation). When populations 
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are separated by a homogenous landscape, genetic differentiation will most likely have a 
significant positive relationship with physical distance. However, if populations are separated 
by complex heterogeneous landscapes, geographic distance alone might not predict genetic 
differentiation. Therefore, I predict that incorporating various environmental and landscape 
variables into models, other than modeling geographic distance alone, will better predict 
dispersal and gene flow for B. balteatus. 
Measuring B. balteatus dispersal and gene flow indirectly via genetic structuring may 
have unique implications for how other bumble bees disperse across a heterogeneous 
landscape. Estimating the dispersal abilities of bumble bees is critical for understanding how 
native bees will fare in the face of environmental challenges. The ability to predict pathways 
of dispersal among populations and to identify environmental factors that shape these paths 
have clear implications for conservation; we may need to facilitate dispersal pathways and 
aid in the spatial arrangement of suitable habitat to prevent isolation and potential extinction 
(Lozier et al. 2013). 
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Figure Legends 
Figure 1 The life cycle of a bumble bee (Natupol.com) 
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Chapter 2 
 
GENETIC STRUCTURE AND GENE FLOW BARRIERS AMONG POPULATIONS OF 
AN ALPINE BUMBLE BEE (BOMBUS BALTEATUS) IN THE CENTRAL ROCKY 
MOUNTAINS 
 
 
INTRODUCTION 
 
Pollinators are responsible for facilitating nearly 90% of all flowering plant species 
reproduction and for increasing the quantity and quality of over 60% of the worlds crops (Jha 
and Kremen 2013). Bees, particularly bumble bees, are one of the most important and 
effective pollinators and are considered keystone species within plant-pollinator communities 
because they pollinate both abundant and rare plant species (Jha and Kremen 2013). Bumble 
bees have faced significant declines in relative abundance and geographic range over the past 
few decades (Cameron et al. 2010), largely attributed to habitat fragmentation and loss, 
agricultural intensification, pathogens and diseases, competition with non-native species, and 
increased use of pesticides and insecticides (Cameron et al. 2010; Darvill et al. 2006; Dreier 
et al. 2014; Hadley and Betts 2012).  
Bumble bees are particularly susceptible to decline due to their low effective 
population sizes, low genetic variation from haplo-diploidy, and their monoandrous mating 
system (Darvill et al. 2006). Although colonies can contain upwards of 200 workers, only 
one reproductive queen is responsible for producing all the offspring, meaning that even 
apparently abundant populations may actually have limited genetic diversity and may be 
more vulnerable to stochastic effects (Dreier et al. 2014). Dispersal of individuals across 
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landscapes is essential for gene flow, maintaining adaptive genetic variation, and preventing 
inbreeding within the population (Jha and Kremen 2013). Patterns of dispersal and gene flow 
are key determinants of a species’ ability to respond to population pressures (Jha and Kremen 
2013). 
This study examines population structure and evidence and mechanisms for gene 
flow among populations of Bombus balteatus, a native bumble bee species that occupies 
habitats above treeline in the central Rocky Mountains. B. balteatus populations in these 
habitats have experienced significant challenges that make understanding their ability to 
disperse, exchange genes, and respond to population pressures critically important. Parallel to 
trends seen worldwide (Bommarco et al. 2011), lowland bumble bee species are moving 
upward in elevation, creating competition for floral resources and nesting sites, which are 
themselves limited (Miller-Struttmann et al. 2015). Few studies have examined bumble bee 
gene flow processes (Dreier et al. 2014) or dispersal at local spatial scales across 
heterogeneous landscapes (Jha and Kremen 2013) with the exception of agricultural or 
manipulated landscapes (Drier et al. 2014; Goverde et al. 2002; Carvell et al. 2011; but see 
Goulson et al. 2011; Lozier et al. 2013). The highly heterogenous mountainous landscape 
provides a more complex context in which to examine these concepts. In topographically 
complex ecosystems, bumble bee dispersal may be limited due to landscape heterogeneity, 
potentially resulting in greater phylogeographic and genetic structuring (Lozier et al. 2011). 
 The specific aims of this study were to 1) determine the genetic structure of B. 
balteatus populations in the central Rocky Mountains using microsatellite markers and 2) to 
assess the importance of the landscape in contributing to the genetic structure of B. balteatus 
using habitat suitability and connectivity models. Genetic structure (measured with 
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microsatellite markers) can be used to indirectly measure dispersal and gene flow, which are 
directly related to how well individuals can fulfill important biological processes (foraging, 
mating, migration) and persist in their environment (Zeller et al. 2012). Resistance represents 
the willingness of an individual to disperse across a particular environment and the costs 
associated with movement (Zeller et al. 2012). If B. balteatus is limited in dispersal between 
high alpine habitats due to various resisting landscape factors or barriers to gene flow, then I 
expect to see low genetic diversity and heterozygosity within populations and high genetic 
structuring between populations.  
I hypothesize that B. balteatus populations are functioning as a metapopulation by 
occupying discrete habitat patches within a larger matrix of unsuitable habitat. If this is true, 
I expect to see patterns of Isolation by Distance, where populations that are closer to one 
another are more genetically similar than those that are farther apart. I also expect to see 
patterns of Isolation by Resistance, where populations that are connected by favorable habitat 
will be more genetically similar than those that are separated by unfavorable habitat. When 
populations are separated by a homogenous landscape, genetic differentiation will most 
likely have a significant positive relationship with physical distance. However, if populations 
are separated by a complex heterogeneous landscape, geographic distance alone might not 
predict genetic differentiation. Therefore, I predict that incorporating various environmental 
and landscape variables into models, other than modeling geographic distance alone, will 
better predict dispersal and gene flow for B. balteatus. 
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METHODS 
Study sites  
 Samples for this study were collected at 9 different locations above tree line in Clear 
Creek, Park, Summit, Chaffee, and Lake counties in Colorado, USA (Fig, 1).  I selected sites 
for data collection based on variation in geographic distance among sites and in potential 
dispersal pathways that could either favor or limit gene flow. Sites also varied in landscape 
characteristics such as elevation, precipitation, and land use. The sites span an area of ~8,000 
km2 in the central Rocky Mountains.        
Study system 
Bombus balteatus was chosen as the focal species for this study because it is one of 
two native bumble bees in the alpine habitats that comprise the focus of this study. It is of 
particular ecological importance as the only longue-tongued pollinator above treeline, where 
no other species provides functional redundancy for pollination of specialist long-corolla 
plants (Miller-Struttmann et al. 2015). Queens of B. balteatus emerge around mid-June 
during snowmelt and may disperse away from their overwintering habitat in search of a 
nesting site. Workers emerge in early July, foraging throughout the season to provision 
resources for the nest until emergence of new queens and drones at the end of the season 
(late-July to mid-August). This time comprises a second round of possible dispersal of 
individuals and their genes among populations as new queens and drones move away from 
nest sites to avoid inbreeding (Goulson 2010). Once new queens have mated, they disperse in 
search of overwintering sites, which comprises the third and final round of possible dispersal. 
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B. balteatus is confined to high elevations (>3,500 m) and may therefore be more 
susceptible to habitat fragmentation, population genetic structuring, and even isolation 
(Lozier et al. 2013). However, dispersal ability has been found to disproportionately 
correspond to body size, and B. balteatus is a relatively large species, which may influence 
its ability to disperse (Greenleaf et al. 2007). An influx of novel alleles into a B. balteatus 
population was observed at one study site (Pennsylvania Mountain) following drought-
mediated decimation of the population in 2012 (Rimmer 2015). This influx of new alleles 
indicates connectedness to other populations and may ultimately indicate that populations of 
B. balteatus are capable of withstanding stochastic environmental events.  
Field collection 
I systematically collected specimens for this study at nine sites in July and August of 
2017. I lethally sampled a minimum of 25 B. balteatus workers from each site to ensure 
proper species identification and to ensure that I would have enough samples from each site 
(n > 10) for genetic analyses. Lethal sampling of foraging workers has no detrimental effects 
to a colony or brood rearing and does not affect bee communities in terms of abundance, 
richness, evenness, or functional group composition (Gezon et al. 2015). A single colony can 
produce 50-200 workers, and anywhere from 18-78 colonies are present within a 0.01 km2 
area so it is rare to sample more than 1-2 workers from a single colony (Geib et al. 2015). I 
sampled populations during full bloom and peak worker abundance (July 19th- August 5th) to 
minimize negative effects of worker removal on brood rearing (Pyke et al. 2011).  
Collections occurred at one site per day and the sites were sampled in a random order. 
Some sites were visited twice to obtain the minimum number of samples (Democrat, Boreas, 
Horseshoe, and Niwot Ridge). I collected specimens at multiple locations across the 
23 
 
elevational gradient within each site to minimize the probability of sampling individuals from 
the same colony (Goulson et al. 2011). I began sampling each site at the highest elevation 
above tree line (~ 4,200 meters) with suitable habitat (i.e., grassy areas with floral resources) 
and then sampled areas of suitable habitat every 100-200 m in descending elevation until I 
reached tree line (~ 3,500 m). In previous studies of other bumble bee species, this distance 
between sites has been found sufficient to avoid sampling of sisters (Darvill et al. 2010).  
At each elevation, I recorded GPS coordinates, approximate temperature and cloud 
cover, and general weather notes. Collections occurred for approximately 1 hour at each 
elevation. I used a mesh aerial insect net (30 cm diameter, Bioquip) to net any observed 
bumble bees along an approximately 50 meter transect (~.01 km2) at each elevation. Most 
bumble bees were caught foraging on flowers and the flower was identified to genus and 
recorded for each sample (Table A1). All bees were directly placed into 20 mL plastic vials 
and were then cooled to torpor on ice (~10-15 minutes, until immobilized by the cold) for 
easier handling and identification. Upon completion of the survey period, queens and non-
focal species were preliminarily identified and released on site at each respective elevation. 
Identifications were made in accordance with Koch et al. (2012) and Byron (1980). 
Specimens for analysis were stored in molecular grade ethanol and transported to 
Appalachian State University in a cooler on dry ice and were kept in a -20°C freezer. 
Molecular methods 
DNA extraction 
 I extracted DNA from all specimens in the Fall of 2017 using a PureLink® Genomic 
DNA Mini Kit (Invitrogen). The protocol was modified from mammalian tissues and 
mouse/rat tail guidelines described in the kit manual. Approximately 0.50 grams of 
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abdominal tissue was used to prepare the lysate, which was digested with Proteinase K and 
digestion buffer. The lysate was mixed with ethanol and binding buffer that bound the DNA 
to a spin column with a silica-based membrane. Impurities were removed through washing 
with two wash buffers, and DNA was eluted in a low salt elution buffer. Sample 
concentration and purity content was analyzed using a Nanodrop® spectrophotometer and 
gel electrophoresis ensured DNA was extracted from each sample.  
Amplification of microsatellites 
All samples were genotyped with the following ten DNA microsatellite markers: B10, 
B96, B119, B124, BTERN01, BTERN02, BL11, BL13, BT10, and BT28 (sensu Geib et al. 
2015). Multiplex polymerase chain reactions (PCR) were carried out on samples and run for 
combinations of the loci B124(FAM)-BL11(PET)-BL13(PET)-BTERN01(VIC)-BT10(NED) 
and B96(PET)-B119(VIC)-BTERN02(NED)-B10(FAM)-BT28(VIC) (fluorescent markers 
indicated in parentheses). PCR reactions were 10 μl in volume and consisted of 1 μl of 
template DNA, approximately 340 μl of UV-treated and reverse osmosis water, 220 μl of 
Promega 5X Buffer, 61.6 μl of MgCl2, 66 μl of dNTP’s, approximately 270 μl of combined 
reverse and forward primers, 22 μl of Bovine Serum, and 8.8 μl of Promega Flexi GoTaq® 
polymerase. Samples were denatured at 95°C for 7 minutes, followed by thirty 90-second 
cycles consisting of a denaturing step at 95°C for 30 seconds, an annealing step at 54°C for 
30 seconds, and an extension step at 72°C for a further 30 seconds. This was then followed 
by a final extension step at 72°C for 1 hour, based on optimization trials (sensu Geib et al. 
2015). PCR products were visualized on a capillary DNA sequencer at the University of 
Georgia Genomics and Bioinformatics Lab (Athens, GA) with a 1:80 dilution before the run 
and using a GeneScan LIZ 500 internal size standard (Applied Biosystems).   
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Genetic data analysis 
Genotyping microsatellites 
Raw allele sizes were scored manually and binned into discrete classes using 
GeneMapper® 4.0 (Applied Biosystems, 2005). Samples for which amplification was not 
successful, or scoring was uncertain, were re-run and re-extraction of DNA was carried out if 
necessary. Any individuals that failed to amplify after repeated attempts were excluded from 
the final dataset. The primers BTERN02 and B119 were omitted from further analyses 
because the former was monomorphic and the latter was extremely poor in quality for almost 
all samples. 
Identification and removal of sibling workers  
 Colony v. 2.0 (Jones and Wang 2009) was used to identify and remove siblings for 
subsequent analyses, ensuring that genetic differentiation was not confounded by pseudo-
replication and family structure. This program uses maximum likelihood methods to assign 
sibship or parent-offspring relationships and has been found to be one of the most reliable 
methods for assigning sibship in bumble bees (Lepais et al. 2010; Goulson et al. 2011). Full 
sisters share 75% of genes by descent, so assigning sibship in haplodiploid species is very 
reliable (Goulson et al. 2011).  
I assumed “male polygamy” and “female monogamy”, as B. balteatus does not 
belong to the subgenus pyrobombus, which is known for polyandry (Estoup et al. 1996). 
However, all combinations of mating systems were tested to determine the effect of mating 
system on family reconstruction. I also assumed lack of inbreeding, because no evidence 
currently has been observed for such within these populations, and selecting the inbreeding 
model for the data had little to no improvement for the estimation of sibship. “Without clone” 
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was chosen because all offspring genotypes were assumed to come from distinctive 
individuals who were not clone mates.  
The genetic markers were specified as codominant, allelic dropout rate was set to 
0.0000, and genotyping error was set to 0.0075. There are few strategies for effectively 
quantifying genotyping error, yet most studies report an error rate between 0.5 and 1%, so 
0.75% was selected for the error rate for all markers (Pompanon et al. 2005). Population 
allele frequencies were unknown and the total number of offspring was 392, all of which 
were selected as candidate female genotypes because no males were included in this study. 
Paternal and maternal sibship, paternity, and maternity were all unknown and excluded 
paternity, maternity, paternal siblings and maternal siblings were all set to 0. The probability 
of a mother being included in the samples was 0.01, as all identified queens were released on 
site during collection. All individuals inferred by Colony in the full-sib dyad were removed 
that had a probability of such a dyad greater than 0.50.  
Population genetics testing   
I assumed that sampling localities were equivalent to populations for all population 
genetics testing. The genotype data were tested for deviations from Hardy-Weinberg 
Equilibrium (HWE) and linkage disequilibrium (LD) using the Markov chain method 
(dememorization = 1000, batches = 100, iterations per batch = 1000) as implemented in 
Genepop v 4.1.2 (Raymond and Rousset 1995). Heterozygote excess and deficiency were 
also tested for each locus and population as well as across all loci and populations using the 
Score U test as implemented in Genepop. Log-likelihood ratio tests and probability tests for 
linkage disequilibrium were tested for each locus pair and population in Genepop.  
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Population differentiation estimates  
 I estimated total allele frequencies, average alleles per locus, and the expected and 
observed numbers of homozygotes and heterozygotes for each population and locus in 
Genepop. Allelic richness (after correction for population size) and unbiased estimates of 
heterozygosity were estimated for each locus and population in Fstat v 2.9.3 (Goudet 2002). 
Genetic differentiation between populations were estimated and tested for significance with 
FST (Wright 1943), GST (Nei 1972), and G’ST (Meirmans and Hedrick 2011) in Fstat. Pairwise 
FST were transformed to FST/ (1-FST) with Genepop (Weir and Cockerham 1984). I estimated 
the inbreeding coefficient (FIS) for each locus and population and tested for significance 
using an AMOVA with 1000 permutations as implemented in Fstat.  
Genetic clustering 
Genetic population structure was calculated using Bayesian genetic clustering in 
Structure v 2.3.4 (Pritchard et al. 2000). The Admixture and Correlated Allele Frequency 
models were used and the software was run with the number of clusters (K) varying from 1 
to 9, with ten runs for each K value using 10,000 burn in periods and 50,000 Markov Chain 
Monte Carlo (MCMC) repetitions (Falush et al. 2003). The web-based software program 
Structure Harvester v 0.6.94 (Earl and VonHoldt 2012) was used to visualize the results and 
determine the number of populations using both the mean of estimated Ln probability of data 
(LnP(D)) and Delta K (Evanno et al. 2005) methods. An additional long run using the best K 
value for both methods were ran with 50,000 burn in periods and 100,000 MCMC repetitions 
to obtain the final structure results. 
Estimating spatial patterns of genetic structure 
Estimating isolation by distance   
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 I assessed the correlation between geographical distance (and its decimal logarithm) 
and genetic differentiation (expressed as FST/(1-FST)) using linear regression and tested for 
significance using a Mantel test (Legendre and Legendre 1998) implemented in the R 
package ‘ade4’ (Thioulouse et al. 2018). 
Environmental niche modeling 
 I obtained spatially explicit environmental variables for contemporary conditions 
from the WorldClim V1.4 (Hijmans et al. 2005). Nineteen bioclimatic variables and monthly 
(June-August) averages of seven variables were downloaded at 30 arc-second (~1 km2) 
resolution. I downloaded the digital elevation model (DEM) for the study site area from the 
Colorado Geological Survey (Homer et al. 2015) and land, tree canopy, and impervious 
cover estimates for the conterminous United States from the National Land Cover Database 
of circa 2011 Landsat satellite data (Xian G et al. 2011). All bioclimatic and landscape 
variables were clipped to the study area extent using ArcMap 10.3.1 (ESRI, Redmond CA). 
Each layer was projected into the WGS 1984 geographic coordinate system and clipped to 
the same cell size (0.0083, 0.0083), number of columns and rows (249, 234), and spatial 
extent (Top: 40.475, Left: -107.1, Right: -105.025, Bottom: 38.525). Each layer was then 
converted from raster to ASCII format using the ArcMap toolbox. 
I reduced autocorrelation of environmental data by removing highly positively 
correlated variables in order to avoid any limitation of inference of the contribution of each 
variable (Alvarado-Serrano and Knowles 2014). I used the R packages ‘raster,’ ‘dismo’ and 
‘usdm’ to remove correlated variables; the ‘raster’ package manipulates geographic and 
spatial data in raster format, the ‘dismo’ package implements species distribution model 
methods, and the ‘usdm’ package assesses different sources of uncertainties on performance 
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of species distribution models (Hijmans et al. 2017; Naimi 2017). I set the correlation 
threshold to θ > 0.70  and one variable in each pair of correlated variables was retained. I 
tested for collinearity within the 19 bioclimatic variables, the 19 bioclimatic variables and 
landscape variables (land-use, elevation, imperviousness, and tree canopy cover), and then 
within the 21 monthly variables (July-August monthly averages for 7 climatic variables).  
 I downloaded spatially referenced natural history occurrence records for B. balteatus 
from the Global Biodiversity Information Facility (GBIF.org). I only used records that 
occurred in the United States from contemporary collections or observations from 1970 to 
the present (to correspond with available landscape and environmental data). I also compiled 
occurrence records from data collected at Pennsylvania Mountain, Colorado in 2015 (Geib et 
al. 2015) and from Niwot Ridge and Mt. Evans, Colorado in 2012-2014 (Miller-Struttmann 
et al. 2015). Specimens that fell outside of the study extent were excluded and a total of 741 
records remained. 
MaxEnt: maximum entropy modeling  
 To quantify landscape heterogeneity and habitat suitability, I generated environmental 
niche models (ENM) using the principle of maximum entropy as implemented in the 
program MaxEnt v 3.3.3 (Elith et al. 2010; Phillips et al. 2009). MaxEnt uses presence-only 
locality data and background points randomly sampled from the study area to estimate the 
species distribution that is closest to uniform (i.e., maximizes entropy), given information on 
the environmental conditions of the study area. I ran univariate models to determine the 
independent effects of each bioclimatic and landscape variable on species distribution. I then 
ran multi-variate models with various combinations of covariates to determine the model that 
best estimated environmental suitability for B. balteatus. I developed 3 multi-variate ENM’s 
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that modeled the effects of all bioclimatic variables, all climate variables for June-August, 
and all landscape variables on B. balteatus distribution. I developed 5 ENM’s that modeled 
the effects of these same variables (and combinations of them), once correlated variables 
were removed. Finally, I developed two ENM’s that were based on variables that I 
hypothesized a priori to affect B. balteatus gene flow; these variables capture bioclimatic 
trends that are likely to be relevant to bumble bees (suitable year-round temperatures and 
sufficient yearly precipitation to provide rain for floral resources and snowpack for 
hibernation) (Aldridge et al. 2011; Lozier et al. 2013).  
The 25 percentile training presence (i.e., the value above which the model classifies 
correctly 75% of the training locations) was selected as the threshold value for defining B. 
balteatus presences. I used jackknife sensitivity analysis to estimate the contribution that 
each variable gave to the geographic distribution models (percent contribution) which is 
modeled in MaxEnt first by excluding each variable in turn and creating a model with the 
remaining variables and second by individually adding each environmental variable to the 
model to detect which variable has the most information that is not featured in the other 
variables. All models were run to generate a logistic output for 5000 iterations and averaged 
over 10 sub-sampled replicates. All other settings remained default unless otherwise noted 
(Phillips et al. 2009).  
Accounting for sampling bias  
 Sampling biases (e.g., sampling easily accessible areas near roads or towns) can 
artificially increase spatial auto-correlation of localities, causing the model to overfit to 
environmental biases that correspond to these influences in geographic space. If sampling is 
biased, it is difficult to distinguish whether species are observed in particular environments 
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because those locations are preferable, or because they received a larger search effort 
(Merow et al. 2013). Sampling bias can limit the model’s ability to accurately predict species 
distributions or environmental niche and can result in over or underfitting of the model 
and/or inflated model performance. When sampling bias is accounted for, the null hypothesis 
states that individuals have only been observed in particular locations because those were the 
places that were sampled (i.e., individuals are uniformly distributed in geographic space) 
(Merow et al. 2013).  
 One method to account for sampling bias is to limit where background points are 
selected from by only allowing MaxEnt to select from counties where there are known 
sample locations, which limits the background points to areas that were surveyed and 
provides MaxEnt with a background file that has the same bias as the presence locations 
(Young et al. 2011). I first created a shapefile of the location points in ArcMap v 10.3.1 and 
then downloaded a map of US counties (ESRI, 2018) and selected only the counties with 
recorded B. balteatus presences within them. I used Map Algebra in ArcMap to convert this 
new raster to have a value of 1 in the selected counties and a value of “No Data” everywhere 
else. I then clipped all the environmental layers to this new raster layer. The county raster file 
was input into MaxEnt as a bias file so that background points were only selected from the 
counties with known occurrence records.   
Model validation 
 Model accuracy was estimated by the area under the receiver-operating curve (AUC), 
which is a rank-based metric for model fit and can be interpreted as the probability that a 
randomly chosen presence location is ranked higher than a randomly chosen background 
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point (Elith et al. 2010; Merow et al. 2013). Models with an AUC above 0.75 are considered 
to have high predictive accuracy and discrimination performance (Phillips et al. 2009). 
Modeling dispersal pathways and resistance to dispersal  
To test how environmental and landscape factors might influence dispersal, I used 
Circuitscape v 4.0 to model dispersal pathways between all sites and to create resistance 
surfaces (McRae 2006). Contrary to least cost resistance methods which assume that 
individuals disperse according to previous knowledge of the landscape, Circuitscape 
considers the effects of all possible pathways for dispersal across a landscape simultaneously 
and expresses the model predictions in terms of random walk probabilities (Spear et al. 
2010). Landscape connectivity thus increases according to the number of connected 
pathways between each habitat patch. 
 Circuitscape borrows algorithms from electrical circuit theory to model the landscape 
matrix between populations as an electronic circuit; the ease with which individuals (or 
genes) disperse between two populations is modelled by the way electric current flows 
between two points in a circuit (McRae 2006). Each cell in the raster map representing the 
landscape and a parameter of interest (e.g., elevation, precipitation, land-use) is modelled by 
an electric resistance; low resistance values are assigned to landscape features that are most 
permeable to movement (or best promote dispersal and gene flow) and high resistance values 
are assigned to features that are essentially barriers to movement (or inhibit dispersal and 
gene flow) (McRae 2006). Circuitscape uses this resistance data to calculate effective 
pairwise resistances between sites and create maps of current flow and voltage across a 
landscape, which are termed resistance surfaces (McRae 2006). Locations on these maps 
with high values or narrow widths may be features or regions in the landscape that are 
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important for habitat connectivity and dispersal pathways for a particular species in the study 
area. 
Estimating Isolation by Resistance 
I tested for the presence of a pattern of isolation by resistance (IBR) by combining the 
MaxEnt models of environmental niche (relative habitat suitability) with the circuit theory 
approach implemented in Circuitscape (habitat connectivity). The univariate and multivariate 
models were first input into MaxEnt to model environmental niche and habitat suitability and 
then each logistic output raster was input into Circuitscape as the conductance layer, where 
areas of high predicted suitability values specify greater conductance and connectivity, and 
thus the potential for greater dispersal and gene flow. Circuitscape was run in pairwise mode 
with the four-neighbor cell connection scheme for all models. The resulting pairwise 
resistance matrices were then correlated with the previously described genetic differentiation 
matrix (FST/1-FST) to test for isolation by resistance (IBR) using linear regression as well as a 
Mantel test (Legendre and Legendre, 1998) implemented in the R package “ade4” 
(Thioulouse et al. 2018). 
 
RESULTS 
 
 
Field collection and genetic data analysis 
 
 A total of 446 B. balteatus workers were sampled across 9 mountain sites, with 
collections ranging in elevation from 3473 meters to 4012 meters (Table 1; Table A2).  The 
number of individuals caught per site ranged from 16 to 96, and the mean individuals caught 
per site was 50 ± 20.89 S.E. 
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A total of 404 individuals were genotyped for eight microsatellite loci. Out of these 
individuals, 12 failed to amplify for more than 4 loci and were excluded from further 
analyses. 358 unique family groups (colonies) were detected with the mean number of 
colonies per site being 37.8 ± 5.10 S.E. A total of 47 sister pairs were detected under the 
assumption of male polygyny and female monoandry, the most likely scenario for B. 
balteatus. Changing the assumed mating system to male and female polygamy produced 68 
pairs, 37 of which were unanimous regardless of mating system. All pairs had > 0.5 
probability of sibship. Following the removal of sibling workers as identified under the 
female monoandrous system, the remaining analyses were conducted with a total of 358 
individuals.  
The total number of alleles detected per polymorphic locus ranged from 4 (locus 
BT28) to 21 (locus B96) and the average number of alleles per locus was 15 (Table 2). 
Population genetics testing  
 Hardy-Weinberg (HW) expectations were rejected in 32 out of 72 cases (Table A3). 
The significant cases were not clustered by locus or population, however loci BT10 and B10 
had the highest number of populations in departure of HW and the Silverheels and Evans 
populations had the highest number of loci in departure of HW. Heterozygote deficiency was 
significant in 37 out of 72 cases, while heterozygote excess was not significant in any cases. 
The significant values were not clustered by populations or locus, rather all populations and 
loci exhibited some significant deficiency in heterozygotes.  
Log-likelihood ratio tests detected a highly significant linkage disequilibrium (LD) 
for 3 out of 28 locus pairs: B124-BTERN01, B124-B10, and BT10-B10 (Table A4). 
Probability tests detected LD for the same three pairs of loci, as well as an additional pair: 
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BT10-B96 (Table A4). LD was found in 16 of 252 cases among the analyzed loci and 
populations when tested with the log-likelihood ratio statistic and in 15 out of 252 cases 
when tested with the probability test (Tables A5, A6). No common pair of loci deviated from 
equilibrium in all populations.  
Population differentiation estimates  
 
The mean number of alleles per locus per population (observed allelic diversity) 
ranged from 10.7 ± 3.9 (Elbert population) to 14.9 ± 5.5 (Democrat population) (Table A7). 
After correcting for sample size (n=15), overall allelic richness was 9.22 (Table 3). The 
Niwot population had the lowest allelic diversity (8.39), while the Elbert population had the 
highest (9.88). The overall level of expected heterozygosity was moderately high across 
populations (overall HE: 0.809). The Niwot population had the lowest average expected 
heterozygosity across all loci (HE: 0.784), while the Elbert population had the highest (HE: 
0.8303). The overall level of observed heterozygosity was lower than expected (overall HO: 
0.723). The Silverheels population had the lowest observed heterozygosity (HO: 0.647), 
while the Quail population had the highest (HO: 0.803).  
The inbreeding coefficient (FIS) varied among populations, with overall FIS= 0.107. 
(Table 3). FIS estimates for each locus and population were positive in 56 out of 72 cases 
(Table A8).  Genetic variation was relatively low, with overall FST=0.019. Pairwise 
comparisons of FST between populations ranged from -0.0002 to 0.0434 and were significant 
in 28 out of 36 comparisons (0.00139 < P < 0.0389) (Table 4).  Democrat and Silverheels 
populations were the most genetically dissimilar (pairwise FST = 0.0434), followed by 
Democrat and Niwot (FST = 0.0418) and Democrat and Quail (FST = 0.0392). Boreas and 
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Elbert populations were the most genetically similar (FST = -0.0002), followed by Niwot and 
Silverheels (FST = 0.0001) and Democrat and Evans (FST = 0.0001).  
Per locus estimates of expected heterozygosity (HE) ranged from 0.487 (locus BT28) 
to 0.902 (locus B96) (overall HE= 0.809) (Table 5). Observed heterozygosity (HO) ranged 
from 0.443 (locus BT28) to 0.881 (locus B96), with overall HO= 0.723. Total gene diversity 
(HT) ranged from 0.489 (locus BT28) to 0.908 (locus B96), with overall HT= 0.822. Per locus 
FIS estimates ranged from 0.029 (locus B96) to 0.152 (locus BT10). FST estimates ranged 
from 0.003 (BTERN01) to 0.094 (locus B124). Multi-allelic estimates of genetic 
differentiation (GST) ranged from 0.001 (locus BL11) to 0.071 (locus B124), with overall 
GST= 0.016. Estimates of G’ST ranged from 0.001 (locus BL11) to 0.079 (locus B124), with 
overall G’ST = 0.018.  
Genetic clustering 
 
 Among the ten repeated analyses for each of the possible number of genetic groups 
(K = 1-9), the most likely number of populations was K=6 using LnP(D) estimates and K=3 
using delta K estimates (Fig. 2). The bar charts for both K = 6 and K = 3 show that the 
Democrat, Boreas, Evans, and Elbert populations form a distinct cluster (Fig. 3a: 
predominantly yellow and turquoise segments; Fig. 3b: predominantly green segments), 
while the Horseshoe, Penn, Quail, Niwot, and Silverheels populations form a separate cluster 
(Fig. 3a: predominantly hot pink segments; Fig. 3b: predominantly dark blue segments). 
Although K estimates differ between methods, they both show the same general pattern of 
clustering, so the LnP(D) method will be used for further discussion of results, as it shows 
more individual differences.  
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The dark blue genetic cluster is only represented by a few individuals that are 
scattered among different populations (Fig. 4: Evans, Boreas, Democrat, and Penn). The red 
genetic cluster is minimally represented across all populations, however it does appear more 
frequently in some populations (Fig. 4: Niwot, Silverheels, Penn, and Horseshoe). The green 
genetic cluster is also represented by only a few individuals in most populations and is most 
represented in the southernmost population (Quail). The neighborhood joining tree plot 
reveals this cluster as the most distantly related genetic cluster (Fig. 5).   
Globally, the hot pink, yellow, and turquoise genetic clusters are most represented 
across all populations and help distinguish the clusters the most. The yellow and turquoise 
genetic clusters are most predominant in the upper central sites (Democrat, Boreas, and 
Evans) while the hot pink genetic cluster is most predominant in the lower central sites 
(Penn, Silverheels, Horseshoe). There are two exceptions to this general pattern, however, as 
the Niwot population appears more genetically similar to these latter populations despite 
being the farthest north in the study area. The Elbert population appears to be more 
genetically similar to the upper central sites, despite being one of the southernmost sites.                   
Estimating spatial patterns of genetic structure 
Estimating Isolation by Distance 
 Distances between populations ranged from 8.33 km (Democrat and Penn) to 133.87 
km (Niwot and Quail) (Table 6). There was no significant pattern of isolation by distance 
(IBD) when correlating pairwise Euclidean distance with pairwise FST between populations 
(Table 6; Fig. 6) or pairwise log of Euclidean distance with pairwise FST between populations 
(Table 7, Fig. 7). The observed Mantel statistics were -0.041 (P= 0.7547, N= 9999 
replications) and 0.005 (P= 0.497, N= 9999 replications) (Table 8). 
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MaxEnt environmental niche modeling  
Univariate models 
 Forty-four environmental and landscape covariates (Table 9) were tested 
independently in MaxEnt (Table 10). The covariates that produced the models with the 
highest accuracy (AUC) were max temperature of the warmest month (AUC= 0.912), 
temperature annual range (AUC= 0.912), and August average solar radiation (AUC= 0.912). 
The covariates that produced the models with the lowest accuracy were imperviousness 
(AUC= 0.504), minimum temperature of the coldest month (AUC= 0.675), and June average 
precipitation (AUC= 0.702).  
Multi-variate models 
 
 Average AUC for the environmental niche models was 0.901. The land-scape only 
model (M1, Fig. A24) revealed elevation to be a strong limiting factor for B. balteatus, with 
this variable having the strongest influence on the model, as indicated by percent contribution 
(88.7%), highest gain when used in isolation, and greatest decrease in gain when excluded. 
The climate-only model that excluded positively correlated variables (M2, Fig. A25) 
revealed mean temperature of the wettest quarter (BIO8) to have the strongest influence on 
the final model (percent contribution = 66.7%). Incorporating non-correlated landscape 
variables into this model (M3, Fig. 8) produced the model with the highest accuracy in 
predicting B. balteatus distribution (AUC= 0.923) (Table 11). This model revealed BIO8 to 
again have the strongest influence on the final model (percent contribution = 54.7%), 
followed by temperature seasonality (BIO4, percent contribution = 17%), and land-use 
(percent contribution = 9.4%). When adding elevation into this same model (M4, Fig. A26), 
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elevation had the strongest effect on B. balteatus distribution (percent contribution = 51.3%), 
followed by BIO 8 (percent contribution = 21.5%) and BIO4 (percent contribution = 12.6%).  
 The model that included climate variables hypothesized a priori to affect B. balteatus 
gene flow (M5, Fig. A27) revealed the max temperature of the warmest month (BIO5) to 
have the strongest influence on the model (percent contribution = 73.%), followed by annual 
precipitation (BIO12, 9.5%), and mean temperature of the wettest quarter (BIO8, 6.2%). 
Elevation was hypothesized a priori to be the landscape variable that would most influence 
gene flow of B. balteatus, and incorporating this into the model (M6, Fig. A28) increased 
model accuracy.  
The model that incorporated June, July and August average monthly climate data 
(M7, Fig. A29) revealed August maximum temperature to be a strong limiting factor for B. 
balteatus, with this variable having the highest percent contribution to the model (48.6%), 
followed by August solar radiation (28.9%), and July vapor pressure (3.1%). After removing 
positively correlated variables (M8, Fig. A30), August vapor pressure had the highest percent 
contribution to the model (64%), followed by July solar radiation (31%), and August average 
precipitation (2.5%).  
The model that combined all uncorrelated variables (M9, Fig. A31) revealed August 
vapor pressure to again have the highest contribution to the model (49%), followed by July 
solar radiation (16.3%), and temperature seasonality (9.7%). The model that combined all 
forty-four variables (M10, Fig. A32) revealed August maximum temperature as having the 
strongest influence on the model (percent contribution = 37.3%), followed by annual 
precipitation seasonality (BIO12, 7.9%), and precipitation of the driest quarter (BIO19, 
7.2%). 
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Any model that included landscape variables always revealed elevation to be one of 
the top contributing factors, while imperviousness always had the weakest influence on the 
model (percent contribution was never more than 2% in any model). Incorporating climate 
variables into the models increased model accuracy, with the highest performing model (M3) 
including uncorrelated bioclimatic and landscape variables (AUC= 0.923). The lowest 
performing models only included landscape variables (M1, AUC= 0.868) or only 
incorporated uncorrelated monthly climate variables (M8, AUC= 0.867). Incorporating more 
variables did not necessarily increase model accuracy or ability to predict species distribution 
(M9, AUC= 0.911; M10, AUC= 0.903).  
Potential dispersal pathways and landscape connectivity 
 
 Circuitscape analyses predicted that gene flow patterns vary across the species’ range 
in the central Rocky Mountains, with unique combinations of landscape and climatic 
variables affecting gene flow in different areas. Across all models, sites in the central 
portions of the study area had very little resistance between them (Mt. Democrat, Boreas 
Mtn., Horseshoe Mtn., Pennsylvania Mtn., and Mt. Silverheels). This is indicated by the high 
number of dispersal pathways connecting these sites, which is largely facilitated by high 
elevation ridgelines (Fig. 9). The Boreas and Silverheels sites had the highest amount of 
dispersal pathways between them, as they are directly connected by a small ridgeline. The 
Democrat, Penn, and Horseshoe sites also exhibit high connectivity and are also all 
connected by a long ridgeline. There are fewer pathways that connect these two areas, which 
are separated by a major highway and two small towns, indicating that dispersal may be 
limited. 
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The northeast corner of the study region (Niwot Ridge and Mt. Evans) had moderate 
levels of dispersal pathways connecting them to the rest of the study sites, with a network of 
high elevation ridgelines facilitating dispersal between these areas. Most models revealed 
that Mt. Evans is connected to the central region of the study area by a lower level of 
dispersal pathways that follow along high elevation ridgelines; however, there is a low 
elevation valley with a highway that prevents these two regions from being completely 
connected and may limit gene flow between these regions. All of the models reveal the 
northernmost site, Niwot Ridge, to be least connected via dispersal pathways to the rest of 
the study region. There are high levels of connectivity directly south of this site, but 
connectivity is limited to the west of this area by urban areas and lower elevation forests.  
Near the southwestern portion of the study area (Mt. Elbert and Mt. Quail), gene flow 
was more restricted overall, with most models revealing relatively fewer dispersal pathways 
connecting these sites to the rest of the study region. Some models show large gaps in the 
landscape with very few dispersal pathways (M1, M4, M10), while M2 shows absolutely no 
dispersal pathways between these regions. This indicates that there is far less facilitation of 
dispersal by connected ridgelines and more limitation by low elevation, forested valleys. This 
area is also separated from the other study sites by a major highway that spans approximately 
115 km through the study region, which may function as a linear barrier to gene flow. Most 
models revealed that the Elbert and Quail sites were buffered by high levels of dispersal 
pathways, however dispersal directly between them is limited. A low elevation, forested 
valley and major highway also intersect these sites, further demonstrating that dispersal may 
be limited by these landscape factors. 
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Landscape connectivity was completely limited in the southeast portion of the study 
region, which is primarily privately owned land that is predominantly for ranching and 
mining. All of the models also revealed a large gap in connectivity that lies north of the direct 
center of the study area, which is a predominantly urban area comprised of four cities. These 
regions are lower in elevation compared to much of the study region (<3,000 m). Limited 
connectivity may indicate that anthropogenic changes in the landscape function as barriers to 
dispersal. 
Estimating Isolation by Resistance 
 Just as population structure indicated low levels of genetic differentiation among 
populations, landscape genetic analyses revealed signatures consistent with gene flow among 
regions. The univariate models with the highest correlation to genetic data were temperature 
seasonality (R2= 0.0520), temperature annual range (R2= 0.0523), and June average 
precipitation (R2= 0.0612) (Table 10). The univariate models with the lowest correlation to 
genetic data were annual mean precipitation (R2= 0.0001), and June, July, and August 
minimum temperature (R2= 0.0003, 0.0002, and 0.0003, respectively). All multi-variate 
models resulted in non-significant relationships to the genetic distance data (Table 8; Fig. 
10).  
 
DISCUSSION 
 
I assessed levels of genetic differentiation among populations of B. balteatus in the 
central Rocky Mountains and assessed how a heterogeneous landscape contributes to the 
genetic structure of this alpine species. I identified: a) the population genetic structure among 
B. balteatus subpopulations using microsatellite markers; b) the first regional geographical 
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distribution for B. balteatus in the central Rocky Mountains and which environmental factors 
may be limiting distribution in the study area; and c) the pathways within the study area 
where the landscape may facilitate dispersal and gene flow between populations of B. 
balteatus. This study helps provide an understanding of landscape permeability for an alpine 
bumble bee that is located at high elevations within a largely unsuitable matrix of lowland 
habitat.  
Specifically, I tested the hypotheses that (i) populations that are separated by large 
geographic distances or that are not connected by areas of suitable habitat will show reduced 
genetic diversity and higher levels of inbreeding than populations that are closer together 
geographically and that share connected areas of suitable habitat, (ii) incorporating multiple 
landscape and environmental factors into models would better improve the fit of models to 
genetic data, and (iii) models of isolation by resistance would perform better in genetic 
comparisons than traditional models of isolation by distance.  
Population genetics 
Nearly half of all populations across all loci deviated from Hardy-Weinberg 
expectations and 4 loci pairs exhibited significant linkage disequilibrium, which could be a 
result of genotyping errors or null alleles, however these errors typically affect only a select 
number of loci, so it is instead likely that these deviations indicate inbreeding or genetic 
structure. Inbreeding was present in most populations which is likely due to a significant 
homozygote excess among almost all populations. Overall observed heterozygosity was 
much lower than was expected, which could indicate reduced gene flow among populations. 
Bumble bees are particularly susceptible to inbreeding due to their low effective population 
sizes, low genetic variation from haplo-diploidy, and their monoandrous mating system 
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(Darvill et al. 2006). Although colonies can contain upwards of 200 workers, only one 
reproductive queen is responsible for producing all the offspring, meaning that even 
apparently abundant populations may actually have limited genetic diversity and may be 
more vulnerable to stochastic effects (Dreier et al. 2014).  
Population differentiation 
The results show significant genetic differentiation between most population pairs (28 
out of 36 pairs, P < 0.04). Although overall FST was low (FST = 0.019), the pattern of pairwise 
FST and the results from the cluster analysis both support the presence of distinct genetic 
groups. Analysis of genetic clusters suggests that there are six distinct genetic groups present 
when using LnP(D) estimates and 3 distinct genetic groups when using delta K estimates, 
however the bar plots (Fig. 3) for both estimates suggest that the genetic structure among 
these populations is primarily segregated into two clusters. The northernmost site, Niwot, 
appears to be more related to the lower sites (Silverheels, Horseshoe, and Penn) than to the 
upper sites which are located in closer proximity. This pattern is similar for one of the 
southernmost sites, Elbert, which appears to be more related to sites that are farther away 
geographically (Democrat, Boreas, and Silverheels) than to those that are closest to it (Quail, 
Horseshoe, Penn). Pairwise FST results support this; Niwot is more genetically differentiated 
from the most proximal sites (FST= 0.0352- 0.0418) compared to those that are farther away 
(FST= 0.0042- 0.0052), however all pairwise estimates were significant (.0014 < P < 0.0139).  
Interestingly, the sites that were closest together geographically exhibited some of the 
highest genetic differentiation; Democrat and Penn are less than 9 km apart and yet pairwise 
FST was .02965; Boreas and Silverheels are also less than 9 km apart and FST = 0.03543; and 
Democrat and Silverheels are less than 12 km apart and were most genetically dissimilar (FST 
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= 0.04349). My results also found that populations of B. balteatus as far apart as 109 to 134 
km (Niwot to Horseshoe and Niwot to Quail) were less genetically differentiated (FST= 
0.00522 and FST= 0.01027, respectively). These patterns of pairwise differentiation and the 
lack of support for isolation by distance (IBD) (R2= 0.0035) suggest that geographic distance 
alone is not sufficient to explain patterns of genetic variation.  
Bumble bee dispersal is not likely to be limited by geographic distance alone, but 
rather influenced by the complexity of the landscape (Goulson et al. 2011; Lozier et al. 2013; 
Jha and Kremen 2013; Jha 2015; Bartlett et al. 2016; Penado et al. 2016). A study examining 
B. bifarius, which is a species that co-occurs with B. balteatus in much of its range, found 
that populations in Western North America were largely influenced by variation in habitat 
suitability (Lozier et al. 2013). Dry intervening basins and deserts limited dispersal for B. 
bifarius, while forested mountain ranges were strongly associated with greater habitat 
suitability (Lozier et al. 2013). Populations at higher elevations exhibited more genetic 
differentiation than those that were found in more homogeneous landscapes at lower 
elevations, as they were connected by narrower bands of suitable habitat compared to the 
lowland populations (Lozier et al. 2013). As the complexity of the landscape increases, 
dispersal and gene flow are better predicted by habitat quality and spatial heterogeneity than 
by distance alone. In other words, Isolation by Resistance (IBR) models should improve the 
relationship with genetic distance compared to traditional models of Isolation by Distance 
(IBD).  
As B. balteatus is an alpine bumble bee and was collected at elevations ranging from 
3,743 – 4,012 m, I predicted that including elevation information would improve models that 
predict gene flow for this species. Surprisingly, the IBR models that included elevation did 
46 
 
not significantly improve the relationship to genetic differentiation (R2= .0066). These results 
are similar to other studies that have used IBR models to predict dispersal and gene flow for 
bumble bees and also found that elevation did not improve the model fit (Bartlett et al. 2016; 
Goulson et al. 2011; Jha and Kremen 2013). However, incorporating elevation into the 
environmental niche models (ENM) did improve model accuracy and elevation was always 
the highest contributing landscape variable in terms of percent contribution. Consistent with 
the MaxEnt results, connectivity modeling always predicted high levels of dispersal 
pathways along high elevation ridgelines, while lower elevation valleys always limited 
connectivity between populations. This finding indicates that elevation is still likely a good 
predictor of B. balteatus distribution, even though it did not improve IBR model fit.  
Studies examining other landscape factors have found that incorporating ocean 
bathymetry (Goulson et al. 2011), ocean area (Darvill et al. 2010; Jha 2015), impervious 
cover, and land use (Jha 2015; Jha and Kremen 2013) can significantly improve models of 
genetic differentiation and gene flow. These landscape variables can function as barriers to 
dispersal and can influence population genetic structure at broad spatial scales. Incorporating 
land-use into resistance models for this study did not necessarily increase model fit for IBR 
analyses, but ENM models revealed that barren land, high rocky outcrops, and areas with 
perennial ice and snow were the most suitable areas of habitat for B. balteatus. Forests and 
developed land were the least suitable areas of habitat, indicating that these low elevation 
areas may function as landscape barriers for a high elevation bumble bee. Incorporating 
imperviousness into ENMs did not improve model accuracy as it was always the variable that 
had the lowest percent contribution for MaxEnt model. However, resistance surfaces 
revealed that major highways may act as barriers to dispersal for B. balteatus. With that said, 
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these major highways may have an inhibitory effect on dispersal because they are also 
located at lower elevations.  
Along with including landscape information into the models, I predicted that 
incorporating bioclimatic information would improve models that predict gene flow for B. 
balteatus. Indeed, the multi-variate model that only incorporated landscape variables had the 
lowest model accuracy in predicting B. balteatus distribution, while the model that included 
uncorrelated bioclimatic variables with landscape variables had the highest model accuracy. 
This model predicted high habitat suitability to be in areas with suitable average temperatures 
during the wet and dry seasons (BIO 8 and 9, respectively), high rocky outcrops (land-use), 
and low tree canopy cover.  
The next best performing multi-variate model included only bioclimatic variables that 
are considered to be biologically relevant to bumble bees; bees need suitable year round 
temperatures and levels of precipitation for floral resources, nesting sites, and overwintering 
habitats, therefore annual precipitation and average, maximum, and minimum temperatures 
were included in this model.  A similar study on a co-occurring species used these same 
model covariates to measure landscape effects on gene flow found very similar results; 
annual precipitation, maximum temperature of the warmest month, and average temperature 
of the wettest quarter were the strongest limiting factors for B. bifarius populations in the 
western US (Lozier et al. 2013). B. balteatus and B. bifarius overlap in much of their 
distributions and therefore may have dispersal and gene flow limitations from the same 
environmental factors.  
Several environmental niche models were developed in this study to find the best 
combination of environmental and landscape variables that could explain B. balteatus gene 
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flow and dispersal. Individual covariates were tested for their effects on B. balteatus’ 
distribution and multi-variate models varied in complexity, ranging from four to forty-four 
variables. Monthly climate variables were included in some of the models in order to reflect 
the environmental conditions in the three months in which B. balteatus is most active: June, 
July, and August. B. balteatus queens emerge from hibernation in mid-June and must 
immediately search for floral resources to replenish her diet and begin founding her colony. 
Throughout all of July, the queen is producing as many female worker offspring as possible, 
so peak worker abundance is dependent on suitable temperatures and precipitation for 
enough floral resources to maintain colony growth. In August, the queen begins producing 
new reproductives, which require more resources than worker bees, so suitable climatic 
conditions are necessary towards the end of the season to ensure enough reproductives will 
survive and mate. Including these variables into a model revealed August maximum 
temperature and solar radiation to be the highest contributing variables. These two variables 
are likely highly correlated, however; so producing a model after removing correlated 
variables revealed August vapor pressure and July solar radiation to be the highest 
contributing variables to B. balteatus distribution in the summer. 
Bumble bees need suitable year-round precipitation in the form of snow pack to 
insulate overwintering hibernation sites. If there is insufficient snow to insulate her 
overwintering site, a queen may emerge out of hibernation too soon, without enough floral 
resources, or she may not emerge at all. Although this study did not model winter monthly 
climate conditions, it would be useful to consider these environmental factors in the future in 
order to predict habitat suitability and connectivity for the queens who must survive almost 
an entire year.  
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Using these environmental niche models to produce resistance surfaces revealed that 
several areas of unsuitable habitat exist within this study area. All of the models revealed 
major highways to be highly resistant to gene flow; visible gaps between sites occur along 
these roads. Very limited, if any, dispersal pathways existed across the southwest portion of 
the study area that connected the southernmost sites to the central study region and a major 
highway dissects this region. To the southeast, every model revealed that there were no 
dispersal pathways across areas that are predominantly ranches and mines, indicating that 
anthropogenic forces may influence dispersal among populations. With this said, all of these 
areas of unsuitable habitat occur at much lower elevations (<2,800 m), which may be the 
largest inhibitor of dispersal and gene flow for an alpine bumble bee. 
A surprising find in this study was that no resistance surface improved the IBR 
relationship with genetic differentiation. Linear regression and mantel tests revealed that no 
single covariate nor multi-variate model significantly improved the correlation to genetic 
distance data over traditional isolation by distance models. Although MaxEnt environmental 
niche models and CIRCUITSCAPE connectivity models visually represented habitat suitability 
and connectivity well, no significant relationship to genetic variation among B. balteatus 
populations was found.  
There are likely several explanations for these non-significant relationships; first, the 
available contemporary bioclimatic variables are yearly and monthly averages from 1970-
2000. Temperatures in the Rocky Mountains have increased over 2°C in the past few decades 
(Manino et al. 2007), so using climate data from over 30 years ago likely do not reflect the 
average temperatures at which the specimens for this study were collected. Increased 
temperatures have caused earlier snowmelt and decreased snow pack (Diaz et al. 2014) and 
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have also influenced floral abundance above tree line (CaraDonna et al. 2014), which also 
indicates that the precipitation data likely do not reflect identical conditions as during data 
collection. Second, there are environmental and landscape conditions that were not included 
in these models that are also very likely to affect B. balteatus distribution and environmental 
niche: wind direction, rather than just speed, may influence long-distance dispersal events 
such as queens and males dispersing for mates, or  short-distance dispersal such as workers 
foraging for resources; floral abundance and nesting sites are direct resource limitations for 
bumble bees, yet data for these factors are largely unavailable. Lastly, although the 
occurrence records from the Global Biodiversity Information Facility (GBIF) index provide 
useful information on B. balteatus occurrences, there is some inherent uncertainty in these 
records and their use in distribution models may influence niche estimates if the data are in 
accurate.  
A historical perspective may provide an explanation for patterns of genetic 
differentiation observed that cannot be explained by current observable habitat features. 
Apparent disjunct populations seen in genetic structure analyses may have been two distinct 
populations that resulted from geographic isolation in the distant past. Candidate episodes 
might include Pleistocene glaciation or some catastrophic event such as a wildfire. Later, 
when suitable habitat became available between the disjunct sites, repopulation occurred via 
dispersal from the two genetically differentiated areas. If this explanation were the case, it is 
not clear why subsequent gene flow would not have homogenized the populations, given the 
apparent ample dispersal pathways predicted. 
Although IBR and IBD models did not explain patterns of genetic variation among 
populations of B. balteatus for this study, it is important to continue mapping and modeling 
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species distributions, particularly for those that are ecologically significant. The low pairwise 
genetic differentiation estimates and moderate to high heterozygosity suggest that these 
populations may be stable and can withstand environmental challenges in a complex 
landscape, or it could be too early to detect any appreciable decrease in genetic diversity due 
to genetic drift. Likewise, the inbreeding estimates among B. balteatus populations may be a 
result of population structuring, or they may be the early signals that these populations may 
be at risk for loss of genetic diversity and inbreeding depression, which could seriously 
influence the persistence of these wild populations of bumble bees. Bumble bee habitat is 
becoming more fragmented at the landscape scale (Goulson et al. 2008) which could result in 
the isolation of populations and even extinction in the face of further environmental changes.  
These results suggest that conservation management strategies for B. balteatus may 
require corridors of connected and continuous suitable habitat along high elevation ridgelines 
in the central Rocky Mountains. Connectivity modeling revealed these areas as likely to 
facilitate dispersal and gene flow and therefore they may be of particular value for the 
persistence of B. balteatus and other alpine bumble bees in Western North America. In the 
future it may be beneficial to examine the entire distribution of B. balteatus in order to 
elucidate landscape effects on genetic variation at the larger scale. More samples collected 
regionally within the study area may also prove beneficial in understanding B. balteatus 
population connectivity and may foster insight into more dispersal pathways across an 
extremely heterogeneous landscape. The alpine environment is fragile, yet one of the most 
biodiverse regions in the world, and the climate above tree line is changing rapidly. In the 
last thirty years, bee morphology has also changed dramatically in response to reduced floral 
resources. If dispersal pathways remain connected and adequate habitat remains protected, B. 
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balteatus may be able to rapidly adapt to novel challenges above tree line and persist despite 
climate change. 
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Tables 
Table 1 N(sample size) number of individuals sampled from each site, N(genotyped) number of 
individuals successfully genotyped, N(colonies) number of colonies at each site 
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Table 2 Size range in base pairs and number of alleles for each microsatellite locus 
Locus Size range No. alleles 
B124 222-242 15 
BTERN01 109-154 16 
BT10 125-152 18 
BL11 122-134 13 
BL13 152-192 19 
B10 179-201 14 
BT28 174-186 4 
B96 221-251 21 
Average  15 
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Table 3 Standard measures of genetic diversity for each population: HE expected 
heterozygosity, HO observed heterozygosity, AR allelic richness, FIS inbreeding coefficient  
Population HE HO AR FIS 
Democrat 0.793 0.755 9.23 0.049 
Boreas 0.824 0.701 9.58 0.149 
Horseshoe 0.797 0.709 8.56 0.110 
Evans 0.804 0.679 9.36 0.155 
Penn 0.827 0.720 9.66 0.129 
Quail 0.824 0.803 8.96 0.025 
Niwot 0.784 0.765 8.39 0.025 
Silverheels 0.801 0.647 9.39 0.192 
Elbert 0.830 0.725 9.88 0.127 
Total 0.809 0.723 9.22 0.107 
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Table 4 Pairwise FST values are below the diagonal, pairwise significance above the 
diagonal, significant values are in bold (p < 0.05). 
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Table 5 Standard estimates of gene diversities and differentiation by locus. HE expected 
heterozygosity, HO observed heterozygosity, HT total gene diversity, FIS Wright’s estimate of 
inbreeding coefficient, FST Wright’s fixation index, GST the FST analog adjusted for bias, and 
G’ST Nei’s multi-allelic estimation. P(x) indicates probabilities for the statistics, significant 
values are in bold 
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Table 6 Population pairwise FST (FST/(1-FST) values are displayed below the diagonal, 
pairwise Euclidean distances (km) displayed above the diagonal 
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Table 7 Population pairwise FST (FST/(1-FST) values are displayed below the diagonal, 
logarithm of Euclidean distance (km) displayed above the diagonal 
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Table 8 Linear regression (R2) and Mantel test summaries that examine the effects of 
geographic distance, log of distance, and resistance distances on genetic differentiation
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Table 9 Bioclimatic, monthly climatic (June-August), and landscape variables used to create 
environmental niche models. Bioclimatic variables without collinearity problems are in bold 
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Table 10 Univariate model results investigating MaxEnt model accuracy (AUC) and the 
relationship between genetic differentiation (FST) and resistance distance 
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Table 11 Analysis of MaxEnt environmental niche models used to estimate heterogeneity of 
habitat suitability for B. balteatus.   
 
   Refer to Table 9 for variable explanations 
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Figure Legends 
 
Figure 1 Distribution of alpine study sites in the central Rocky Mountains, Colorado, USA. 
Yellow points represent the survey sites. Counties are labeled and outlined in white. Green 
shading in the background represents elevation, with darker green representing lower 
elevation and white representing higher elevation. Inset shows study region outlined by the 
black square 
 
Figure 2 Genetic clustering results for the determination of the number of genetic clusters 
(K) using (a) LnP(D) estimates and (b) delta K estimates. A star denotes the most likely 
number of clusters for each method 
 
Figure 3 Genetic clustering results obtained for (a) six clusters and (b) three clusters. The x 
axis represents original populations: 1 Democrat, 2 Boreas, 3 Horseshoe, 4 Evans, 5 Penn, 6 
Quail, 7 Niwot, 8 Silverheels, and 9 Elbert 
 
Figure 4 Genetic clustering results obtained for six clusters. Each individual is represented 
by a thin vertical line divided into seven colored segments, with the length of each segment 
proportional to the estimated membership in each of the inferred 6 clusters 
 
Figure 5 Neighbor joining genetic trees based on the net nucleotide distance between (a) six 
genetic clusters and (b) three genetic clusters  
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Figure 6 Isolation by distance: genetic differentiation (FST/1- FST) as a function of 
geographic distance 
 
Figure 7 Isolation by distance: genetic differentiation (FST/1- FST) as a function of 
geographic distance (log10) 
 
Figure 8 M3 Uncorrelated bioclimatic variables and landscape variables ENM  
 
Figure 9 M3 Uncorrelated bioclimatic and landscape variables resistance model. Gray square 
indicates study region 
 
Figure 10 Isolation by resistance for the model including uncorrelated bioclimatic and 
landscape variables (M3). Dotted line indicates non-significant relationship 
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Figure 3 
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Figure 4 
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Figure 5 
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Appendix A: Summer 2017 Field Collections and Bombus Floral Preference  
 
Table A1 All Bombus individuals collected in summer 2017 in the central Rocky Mountains, 
Colorado. Location indicates the mountain where individuals were collected. Foraging on 
indicates whether individuals were caught foraging on a particular flower (noted to genus and 
species when possible) or caught on the fly. For caste, Q indicates queen, W indicates 
worker, M indicates male 
ID Species  Location  Elevation 
 
GPS Coordinates Foraging on Caste 
1 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Trifolium perryi Q 
2 Bifarius Democrat 3823 
 
39.33721N 106.12581W Penstemon grandiflorus Q 
3 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
4 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
5 Balteatus? Democrat 3823 
 
39.33721N 106.12581W Mertensia W 
6 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
7 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
8 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix W 
9 Frigidus Democrat 3823 
 
39.33721N 106.12581W Salix W 
10 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
11 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
12 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Mertensia Q 
13 Balteatus Democrat 3823 
 
39.33721N 106.12581W Mertensia W 
14 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
15 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
16 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
17 Centralis? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
18 Centralis? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
19 Bifarius Democrat 3823 
 
39.33721N 106.12581W Salix Q 
20 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
21 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
22 ? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
23 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
24 Centralis? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
25 Centralis? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
26 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
27 ? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
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28 Flavifrons Democrat 3823 
 
39.33721N 106.12581W On the wing Q 
29 Centralis? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
30 Balteatus  Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
31 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix Q 
32 Balteatus Democrat 3823 
 
39.33721N 106.12581W Not foraging Q 
33 Centralis? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
34 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
35 Centralis? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
36 Centralis? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
37 Centralis? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis Q 
38 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Penstemon grandiflorus W 
39 Balteatus Democrat 3823 
 
39.33721N 106.12581W Not foraging W 
40 ? Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
41 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
42 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
43 Balteatus Democrat 3823 
 
39.33721N 106.12581W Mertensia W 
44 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
45 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Trifolium perryi W 
46 Balteatus Democrat 3823 
 
39.33721N 106.12581W Not foraging W 
47 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix W 
48 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Trifolium perryi W 
49 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix W 
50 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Penstemon grandiflorus Q 
51 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix W 
52 Balteatus Democrat 3823 
 
39.33721N 106.12581W Mertensia W 
53 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
54 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Not foraging Q 
55 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Trifolium dasyphyllum W 
56 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
57 Frigidus Democrat 3823 
 
39.33721N 106.12581W Salix Q 
58 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
59 Balteatus Democrat 3823 
 
39.33721N 106.12581W Mertensia W 
60 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Not foraging W 
61 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix W 
62 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
63 Balteatus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
64 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix W 
65 Frigidus Democrat 3823 
 
39.33721N 106.12581W Salix W 
66 Frigidus Democrat 3823 
 
39.33721N 106.12581W Castilleja occidentalis W 
67 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix W 
68 Frigidus Democrat 3823 
 
39.33721N 106.12581W Salix W 
69 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix W 
70 Sylvicola Democrat 3823 
 
39.33721N 106.12581W Salix W 
71 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum W 
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72 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum W 
73 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum W 
74 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Bistort  W 
75 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum W 
76 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Aster W 
77 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum W 
78 Balteatus  Boreas 3816 
 39°25.1625 N 105°57.2646 
W Not foraging  W 
79 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum W 
80 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Bistort  W 
81 Sylvicola  Boreas 3816 
 39°25.1625 N 105°57.2646 
W Aster W  
82 Occidentalis Boreas 3816 
 39°25.1625 N 105°57.2646 
W SB W 
83 Syvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W N/A W 
84 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum W 
85 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum W 
86 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum W 
87 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Polemonium viscosum W 
88 Melanopygus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium perryi W 
89 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W On the wing Q  
90 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Grass/near nest W 
91 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Castilleja occidentalis W 
92 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Castilleja occidentalis W 
93 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium perryi W 
94 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Bistort  W 
95 Sylvicola?  Boreas 3816 
 39°25.1625 N 105°57.2646 
W N/A Q 
96 Sylvicola?  Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum Q 
97 Syvicola?  Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum Q 
98 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Not foraging Q 
99 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Not foraging Q 
100 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W On the wing Q 
101 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Not foraging Q 
102 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W 
Cruciferacia (Purple 
Mustard) Q 
103 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Castilleja occidentalis Q 
104 Balteatus Boreas 3816 
 39°25.1625 N 105°57.2646 
W Not foraging Q 
105 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Mertensia Q 
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106 Sylvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum Q 
107 Syvicola Boreas 3816 
 39°25.1625 N 105°57.2646 
W Trifolium dasyphyllum Q 
108 Sylvicola Boreas 3738 
 39°25.0731 N 105°57.4247 
W Trifolium dasyphyllum W 
109 Balteatus Boreas 3738 
 39°25.0731 N 105°57.4247 
W Wing Q 
110 Sylvicola Boreas 3738 
 39°25.0731 N 105°57.4247 
W PE Q 
111 Flavifrons Boreas 3657 
 
39°25.1042 N 105°57553 W Yellow Aster W 
112 Frigidus Boreas 3657 
 
39°25.1042 N 105°57553 W Penstemon whippleanus W 
113 Balteatus Boreas 3657 
 
39°25.1042 N 105°57553 W Cirsium (Cirsium clavatum) W 
114 Unknown  Boreas 3657 
 
39°25.1042 N 105°57553 W Penstemon whippleanus W 
115 Frigidus Boreas 3657 
 
39°25.1042 N 105°57553 W Unknown yellow star flower W 
116 Balteatus Boreas 3657 
 
39°25.1042 N 105°57553 W Penstemon whippleanus W 
117 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Castilleja occidentalis W 
118 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Tall purple  W 
119 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W WP W 
120 Sylvicola Boreas 3611 
 
39.42239 N 105.96460 W Yellow Aster W 
121 Sylvicola Boreas 3611 
 
39.42239 N 105.96460 W Big Yellow Aster W 
122 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Tall purple  W 
123 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Castilleja occidentalis W 
124 Flavifrons Boreas 3611 
 
39.42239 N 105.96460 W Penstemon whippleanus W 
125 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Castilleja occidentalis W 
126 Mixtus Boreas 3611 
 
39.42239 N 105.96460 W Small Yellow Aster W? 
127 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Mertensia W 
128 Flavifrons Boreas 3611 
 
39.42239 N 105.96460 W Tall purple  W 
129 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Tall purple  W 
130 Flavifrons Boreas 3611 
 
39.42239 N 105.96460 W Tall purple  W 
131 Frigidus Boreas 3611 
 
39.42239 N 105.96460 W Big Yellow Aster W 
132 Sylvicola Boreas 3611 
 
39.42239 N 105.96460 W Big Yellow Aster W 
133 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Tall purple  W 
134 Sylvicola Boreas 3611 
 
39.42239 N 105.96460 W Small Yellow Aster W 
135 Frigidus Boreas 3611 
 
39.42239 N 105.96460 W Big Yellow Aster W 
136 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Tall purple  W 
137 Frigidus Boreas 3611 
 
39.42239 N 105.96460 W Small Yellow Aster W 
138 Frigidus Boreas 3611 
 
39.42239 N 105.96460 W Small Yellow Aster W 
139 Sylvicola Boreas 3611 
 
39.42239 N 105.96460 W Small Yellow Aster W 
140 Frigidus Boreas 3611 
 
39.42239 N 105.96460 W Small Yellow Aster W 
141 
Flavifrons 
group Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
142 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
143 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
144 Balteatus Boreas 3786 
 
39.42724 N 105.96384 W Cirsium (Cirsium clavatum) W 
145 Solitary Bee Boreas 3786 
 
39.42724 N 105.96384 W Trifolium dasyphyllum W 
146 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Big Yellow Aster W 
147 Mixtus Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
148 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
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149 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Big Yellow Aster W 
150 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Big Yellow Aster W 
151 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
152 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
153 
Flavifrons 
group Boreas 3786 
 
39.42724 N 105.96384 W Penstemon whippleanus W 
154 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
155 
Flavifrons 
group Boreas 3786 
 
39.42724 N 105.96384 W Big Yellow Aster W 
156 Frigidus Boreas 3786 
 
39.42724 N 105.96384 W Big Yellow Aster W 
157 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
158 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Cirsium (Cirsium clavatum) W 
159 Balteatus Boreas 3786 
 
39.42724 N 105.96384 W Cirsium scropularum W 
160 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
161 
Sylvicola/Hunti
i Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster W 
162 Balteatus Boreas 3562 
 
39.41936 N 105.96338 W Mertensia W 
163 Balteatus Boreas 3562 
 
39.41936 N 105.96338 W Tall purple  W 
164 Balteatus Boreas 3562 
 
39.41936 N 105.96338 W Mertensia W 
165 Balteatus Boreas 3562 
 
39.41936 N 105.96338 W Mertensia W 
166 Balteatus Boreas 3562 
 
39.41936 N 105.96338 W Mertensia W 
167 
Flavifrons 
group Boreas 3562 
 
39.41936 N 105.96338 W Tall purple  W 
168 
Flavifrons 
group Boreas 3562 
 
39.41936 N 105.96338 W Tall purple  W 
169 Balteatus Boreas 3562 
 
39.41936 N 105.96338 W Mertensia W 
170 
Flavifrons 
group Boreas 3562 
 
39.41936 N 105.96338 W Mertensia W 
171 Balteatus Boreas 3562 
 
39.41936 N 105.96338 W PE W 
172 Balteatus Boreas 3562 
 
39.41936 N 105.96338 W Lousewort W 
173 Sylvicola Boreas 3562 
 
39.41936 N 105.96338 W White unknown flower W 
174 
Flavifrons 
group Boreas 3562 
 
39.41936 N 105.96338 W Mertensia W 
175 
Flavifrons 
group Boreas 3562 
 
39.41936 N 105.96338 W Tall purple  W 
176 
Flavifrons 
group Boreas 3562 
 
39.41936 N 105.96338 W Mertensia W 
177 Mixtus Boreas 3513 
 
39.41721 N 105.96591 W Mertensia W 
178 Frigidus Boreas 3513 
 
39.41721 N 105.96591 W Mertensia W 
179 Frigidus Boreas 3513 
 
39.41721 N 105.96591 W Mertensia W 
180 Balteatus Boreas 3513 
 
39.41721 N 105.96591 W Castilleja occidentalis W 
181 Sylvicola Boreas 3513 
 
39.41721 N 105.96591 W Cirsium (Cirsium clavatum) W 
182 Mixtus Boreas 3513 
 
39.41721 N 105.96591 W Mertensia W 
183 Balteatus Boreas 3513 
 
39.41721 N 105.96591 W Mertensia W 
184 
Flavifrons 
group Boreas 3513 
 
39.41721 N 105.96591 W Tall pink unknown  W 
185 
Flavifrons 
group Boreas 3513 
 
39.41721 N 105.96591 W Cirsium (Cirsium clavatum) W 
186 Balteatus Boreas 3513 
 
39.41721 N 105.96591 W Tall purple  W 
187 Balteatus Boreas 3513 
 
39.41721 N 105.96591 W Castilleja occidentalis W 
188 
Flavifrons 
group Boreas 3513 
 
39.41721 N 105.96591 W Cirsium (Cirsium clavatum) W 
189 Frigidus Boreas 3513 
 
39.41721 N 105.96591 W Mertensia W 
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190 Mixtus Boreas 3513 
 
39.41721 N 105.96591 W Mertensia W 
191 Sylvicola Boreas 3513 
 
39.41721 N 105.96591 W Cirsium (Cirsium clavatum) W 
192 
Flavifrons 
group Boreas 3513 
 
39.41721 N 105.96591 W Cirsium (Cirsium clavatum) W 
193 Sylvicola Boreas 3513 
 
39.41721 N 105.96591 W White unknown flower W 
194 Balteatus Boreas 3513 
 
39.41721 N 105.96591 W Castilleja occidentalis W 
195 Flavifrons Boreas 3562 
 
39.41936 N 105.96338 W Tall purple  Q 
196 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Big Yellow Aster Q 
197 Frigidus Boreas 3786 
 
39.42724 N 105.96384 W On the wing Q 
198 Sylvicola Boreas 3786 
 
39.42724 N 105.96384 W Big Yellow Aster Q 
199 Syvicola Boreas 3786 
 
39.42724 N 105.96384 W Small Yellow Aster Q 
200 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Castilleja occidentalis Q 
201 Balteatus Boreas 3611 
 
39.42239 N 105.96460 W Tall purple  Q 
202 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8651 Trifolium dasyphyllum Q 
203 Balteatus Horseshoe 4012 
 
39°12.2763 N 106°10.8652 Castilleja occidentalis Q 
204 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8653 Tiny pink Q 
205 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8654 Tiny pink Q 
206 Flavifrons Horseshoe 4012 
 
39°12.2763 N 106°10.8655 Castilleja occidentalis Q 
207 Balteatus Horseshoe 4012 
 
39°12.2763 N 106°10.8656 Trifolium perryi Q 
208 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8657 Mertensia Q 
209 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8658 Tiny pink Q 
210 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8659 Trifolium perryi Q 
211 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8660 Tiny pink Q 
212 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8661 Tiny pink Q 
213 Balteatus Horseshoe 4012 
 
39°12.2763 N 106°10.8662 Castilleja occidentalis Q 
214 Balteatus Horseshoe 4012 
 
39°12.2763 N 106°10.8663 Castilleja occidentalis Q 
215 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8664 Tiny pink Q 
216 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8665 Tiny pink W 
217 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8666 Tiny pink W 
218 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8667 Small Yellow Aster W 
219 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8668 Trifolium dasyphyllum W 
220 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8669 Tiny white W 
221 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8670 Low egg W 
222 Balteatus Horseshoe 4012 
 
39°12.2763 N 106°10.8671 Mertensia W 
223 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8672 Trifolium perryi W 
224 Sylvicola/Male? Horseshoe 4012 
 
39°12.2763 N 106°10.8673 Low egg W 
225 Melanopygus Horseshoe 4012 
 
39°12.2763 N 106°10.8674 Not foraging W 
226 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8675 Trifolium perryi W 
227 Balteatus Horseshoe 4012 
 
39°12.2763 N 106°10.8676 Castilleja occidentalis W 
228 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8677 Low egg W 
229 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8678 Tiny pink W 
230 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8679 Hymenoxus grandiflora W 
231 Balteatus  Horseshoe 4012 
 
39°12.2763 N 106°10.8680 Trifolium perryi W 
232 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8681 Mertensia W 
233 Flavifrons Horseshoe 4012 
 
39°12.2763 N 106°10.8682 N/A W 
234 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8683 Low egg W 
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235 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8684 Low egg W 
236 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8685 Not foraging W 
237 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8686 Phacelia (Purple Pincushion) W 
238 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8687 Low egg W 
239 Balteatus Horseshoe 4012 
 
39°12.2763 N 106°10.8688 Tiny pink W 
240 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8689 Tiny pink W 
241 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8690 Tiny pink W 
242 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8691 Tiny pink W 
243 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8692 Tiny pink W 
244 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8693 Low egg W 
245 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8694 Hymenoxus grandiflora W 
246 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8695 Tiny pink W 
247 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8696 Tiny pink W 
248 Solitary Bee Horseshoe 4012 
 
39°12.2763 N 106°10.8697 Trifolium dasyphyllum W 
249 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8698 Tiny pink W 
250 Sylvicola Horseshoe 4012 
 
39°12.2763 N 106°10.8699 Low egg W 
251 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Castilleja occidentalis Q 
252 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Trifolium dasyphyllum Q 
253 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Castilleja occidentalis Q 
254 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Pink cushion Q 
255 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Castilleja occidentalis Q 
256 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Castilleja occidentalis Q 
257 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Castilleja occidentalis Q 
258 Frigidus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha Q 
259 Flavifrons Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia Q 
260 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Bistort  W 
261 Frigidus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
262 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Phacelia (Purple Pincushion) W 
263 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Phacelia (Purple Pincushion) W 
264 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
265 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W PE W 
266 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
267 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Small Yellow Aster W 
268 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
269 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Tiny white W 
270 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Low egg W 
271 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
272 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
100 
 
273 Frigidus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Bistort  W 
274 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
275 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
276 Frigidus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Phacelia (Purple Pincushion) W 
277 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Bistort  W 
278 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Castilleja occidentalis W 
279 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
280 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
281 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
282 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
283 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
284 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
285 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Bistort  W 
286 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Trifolium dasyphyllum W 
287 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Trifolium dasyphyllum W 
288 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Trifolium dasyphyllum W 
289 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
290 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Small Yellow Aster W 
291 Frigidus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W White Lily W 
292 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Trifolium dasyphyllum W 
293 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Phacelia (Purple Pincushion) W 
294 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
295 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
296 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
297 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
298 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Bistort  W 
299 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Tiny pink W 
300 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
301 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
302 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Castilleja occidentalis W 
303 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
304 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
305 Frigidus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Phacelia (Purple Pincushion) W 
306 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Trifolium dasyphyllum W 
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307 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Phacelia (Purple Pincushion) W 
308 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Mertensia W 
309 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Bistort  W 
310 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Trifolium dasyphyllum W 
311 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Bistort  W 
312 Balteatus Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Trifolium perryi W 
313 Sylvicola Horseshoe 3806 
 39°12.2711 N 106°10.2998 
W Rhodiola rhodantha W 
314 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Big Yellow Aster W 
315 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Trifolium dasyphyllum W 
316 Flavifrons Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Cirsium scopulorum W 
317 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Mertensia W 
318 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Mertensia W 
319 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Mertensia W 
320 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Tall purple  W 
321 Flavifrons Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Tall purple  W 
322 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Red Castilleja occidentalis W 
323 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Cirsium scopulorum  W 
324 Flavifrons Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Penstemon whippleanus W 
325 Flavifrons Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Cirsium scopulorum W 
326 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Cirsium scopulorum W 
327 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Mertensia W 
328 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Mertensia W 
329 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Big Yellow Aster W 
330 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Cirsium scopulorum W 
331 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Cirsium scopulorum W 
332 Flavifrons Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Cirsium scopulorum W 
333 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Castilleja occidentalis W 
334 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Cirsium scopulorum W 
335 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Penstemon whippleanus W 
336 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Cirsium scopulorum W 
337 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Castilleja occidentalis W 
338 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Mertensia W 
339 Flavifrons Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Penstemon whippleanus W 
340 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Penstemon whippleanus W 
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341 Frigidus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Big Yellow Aster W 
342 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Big Yellow Aster W 
343 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Penstemon whippleanus W 
344 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Big Yellow Aster W 
345 Flavifrons Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Penstemon whippleanus W 
346 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Red Castilleja occidentalis W 
347 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Castilleja occidentalis W 
348 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Castilleja occidentalis W 
349 Balteatus Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Castilleja occidentalis W 
350 Sylvicola Horseshoe 3642 
 39°12.3930 N 106°9.8208 
W  Penstemon whippleanus W 
351 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W PCastilleja occidentalis W 
352 Sylvicola Democrat 3708 
 39°19.8313 N 106°7.5310 
W Bistort  W 
353 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
354 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
355 Sylvicola Democrat 3708 
 39°19.8313 N 106°7.5310 
W Bistort  W 
356 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
357 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
358 Sylvicola Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
359 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
360 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
361 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
362 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
363 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
364 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
365 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
366 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
367 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
368 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
369 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
370 Sylvicola Democrat 3708 
 39°19.8313 N 106°7.5310 
W Bistort  W 
371 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
372 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
373 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
374 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
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375 Sylvicola Democrat 3708 
 39°19.8313 N 106°7.5310 
W Big yellow aster W 
376 Frigidus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Big yellow aster W 
377 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Trifolium perryi W 
378 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
379 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
380 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
381 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
382 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
383 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
384 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
385 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
386 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W PCastilleja occidentalis W 
387 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
388 Sylvicola Democrat 3708 
 39°19.8313 N 106°7.5310 
W Big yellow aster W 
389 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
390 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W PCastilleja occidentalis W 
391 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
392 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
393 Balteatus Democrat 3708 
 39°19.8313 N 106°7.5310 
W Mertensia W 
394 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
395 Flavifrons Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
396 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
397 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
398 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
399 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
400 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Trifolium dasyphyllum W 
401 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Bistort  W 
402 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
403 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
404 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
405 Flavifrons Democrat 3473 
 
39.323757 N 106.12832 W Cirsium (Cirsium clavatum) W 
406 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
407 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
408 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
409 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
410 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
411 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
412 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Bistort  W 
413 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
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414 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
415 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
416 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
417 Frigidus Democrat 3473 
 
39.323757 N 106.12832 W Big yellow aster W 
418 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
419 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
420 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
421 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
422 Frigidus Democrat 3473 
 
39.323757 N 106.12832 W Rhodiola rhodantha Q 
423 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
424 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
425 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
426 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
427 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
428 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
429 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
430 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
431 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Big yellow aster W 
432 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
433 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
434 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
435 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Mertensia W 
436 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Trifolium perryi Q 
437 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Not foraging Q 
438 Balteatus Democrat 3473 
 
39.323757 N 106.12832 W Trifolium dasyphyllum Q 
439 Sylvicola Democrat 3473 
 
39.323757 N 106.12832 W Mertensia Q 
440 Centralis Democrat 3473 
 
39.323757 N 106.12832 W Mertensia Q 
441 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Rhodiola rhodantha W 
442 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Rhodiola rhodantha W 
443 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
444 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Not foraging W 
445 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
446 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
447 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
448 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
449 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum  W 
450 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
451 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
452 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
453 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
454 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
455 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
456 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Mertensia W 
457 Frigidus Evans 3935 
 
39°36.02 N 105°38.08 W Rhodiola rhodantha W 
458 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
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459 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
460 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
461 Frigidus Evans 3935 
 
39°36.02 N 105°38.08 W Rhodiola rhodantha W 
462 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Moss campion (Tiny Pink) W 
463 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
464 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
465 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
466 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
467 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
468 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
469 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
470 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Hymenoxus grandiflora W 
471 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
473 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
474 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Bistort  W 
475 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
476 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Yellow/orange aster W 
477 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
478 
Sylvicola 
(male?) Evans 3935 
 
39°36.02 N 105°38.08 W Pedicularis goenlandica W 
479 Balteatus Evans 3935 
 
39°36.02 N 105°38.08 W Cirsium scopulorum W 
480 Sylvicola Evans 3935 
 
39°36.02 N 105°38.08 W Yellow/orange aster W 
481 Flavifrons Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
482 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
483 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
484 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
485 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
486 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
487 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
488 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
489 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
490 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
491 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
492 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Phacelia (Purple Pincushion) W 
493 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
494 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Not foraging W 
495 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
496 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
497 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
498 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
499 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
500 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
501 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
502 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Yellow star (Sedum) W 
503 Frigidus Evans 3889 
 
39.60619 N 105.62687 W Yellow star (Sedum) W 
504 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Yellow star (Sedum) W 
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505 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Yellow star (Sedum) W 
506 Frigidus Evans 3889 
 
39.60619 N 105.62687 W Not foraging Q 
507 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
508 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
509 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
510 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Bistort  W 
511 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
512 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
513 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
514 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
515 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
516 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
517 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
518 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
519 Sylvicola Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
520 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
521 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Cirsium scopulorum W 
522 Balteatus Evans 3889 
 
39.60619 N 105.62687 W Sandwort (Tiny white) W 
523 Melanopygus Evans 3700 
 39.63421667 N -
105.6049333 W White penstemon W 
524 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W N/A W 
525 Melanopygus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
526 Mixtus Evans 3700 
 39.63421667 N -
105.6049333 W Bistort  W 
527 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W White penstemon W 
528 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Yellow (bag in fridge) W 
529 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Phacelia (Purple Pincushion) W 
530 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Phacelia (Purple Pincushion) W 
531 
Sylvicola 
(male) Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
532 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
533 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
534 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Trifolium dasyphyllum W 
535 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Trifolium dasyphyllum W 
536 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
537 Occidentalis? Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
538 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
539 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
540 Melanopygus Evans 3700 
 39.63421667 N -
105.6049333 W Bistort  W 
541 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Trifolium dasyphyllum W 
542 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
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543 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Mertensia W 
544 Mixtus Evans 3700 
 39.63421667 N -
105.6049333 W Phacelia (Purple Pincushion) W 
545 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
546 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Bistort  W 
547 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
548 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
549 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
550 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
551 Melanopygus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
552 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
553 Sylvicola?  Evans 3700 
 39.63421667 N -
105.6049333 W Pin cushion W 
554 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W White penstemon W 
555 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Bistort  W 
556 Centralis Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
557 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
558 Balteatus Evans 3700 
 39.63421667 N -
105.6049333 W Cirsium scopulorum W 
559 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Bistort  W 
560 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Bistort  W 
561 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Bistort  W 
562 Mixtus Evans 3700 
 39.63421667 N -
105.6049333 W Bistort  W 
563 Sylvicola Evans 3700 
 39.63421667 N -
105.6049333 W Bistort  W 
564 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster W 
565 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster M 
566 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Bistort  M 
567 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Phacelia (Purple Pincushion) W 
568 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster M 
569 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster Q 
570 Balteatus Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
571 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
572 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster M 
573 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster M 
574 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster W 
575 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster M 
576 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster W 
577 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster W 
578 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis W 
579 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis W 
580 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis Q 
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581 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster M 
582 Balteatus Penn 3964 
 
39.26572 N -106.142 W Big Yellow Aster W 
583 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis W 
584 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Small Yellow Aster M 
585 Balteatus Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
586 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster W 
587 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster 
M/W
? 
588 Centralis Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis W 
589 Balteatus Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
590 Balteatus Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
591 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
592 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
593 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Big Yellow Aster M 
594 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
595 Balteatus Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
596 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Yellow aster M 
597 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis W 
598 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
599 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
600 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Penstemon whippleanus Q 
601 Sylvicola Penn 3964 
 
39.26572 N -106.142 W Trifolium dasyphyllum W 
602 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis Q 
603 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis Q 
604 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis Q 
605 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis Q 
606 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis Q 
607 Balteatus Penn 3964 
 
39.26572 N -106.142 W Polemonium viscosum Q 
608 Balteatus Penn 3964 
 
39.26572 N -106.142 W Castilleja occidentalis Q 
609 Flavifrons Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus Q 
610 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
611 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
612 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
613 Frigidus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
614 Melanopygus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
615 Melanopygus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
616 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
617 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
618 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
619 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
620 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus M 
621 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
622 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
623 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
624 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
625 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
109 
 
626 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Phacelia (Purple Pincushion) W 
627 Frigidus Penn 3757 
 
39.25501 N 106.12684 W Phacelia (Purple Pincushion) W 
628 Mixtus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
629 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
630 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
631 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
632 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
633 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
634 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
635 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
636 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
637 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
638 Frigidus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
639 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
640 Frigidus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
641 Sylvicola Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
642 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
643 Frigidus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
644 Frigidus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
645 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
646 Balteatus Penn 3757 
 
39.25501 N 106.12684 W Penstemon whippleanus W 
647 * Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
648 Frigidus Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
649 Frigidus Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
650 Frigidus Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
651 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
652 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
653 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
654 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
655 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
656 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
657 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
658 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
659 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
660 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
661 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Cirsium clavatum W 
662 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Cirsium clavatum W 
663 Balteatus Penn 3650 
 
39.25224 N 106.11995 W RCastilleja occidentalis Q 
664 Balteatus Penn 3650 
 
39.25224 N 106.11995 W RCastilleja occidentalis Q 
665 Balteatus Penn 3650 
 
39.25224 N 106.11995 W RCastilleja occidentalis Q 
666 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
667 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
668 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Senicio W 
669 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
670 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
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671 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
672 Flavifrons Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
673 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus Q 
674 Appositus Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
675 Frigidus Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
676 Balteatus Penn 3650 
 
39.25224 N 106.11995 W Castilleja occidentalis W 
677 Balteatus Penn 3650 
 
39.25224 N 106.11995 W Cirsium clavatum W 
678 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Senicio W 
679 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
680 Balteatus Penn 3650 
 
39.25224 N 106.11995 W Castilleja occidentalis W 
681 Balteatus Penn 3650 
 
39.25224 N 106.11995 W Castilleja occidentalis W 
682 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Purple aster W 
683 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Big Yellow Aster W 
684 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Big Yellow Aster W 
685 Balteatus Penn 3650 
 
39.25224 N 106.11995 W Castilleja occidentalis W 
686 Balteatus Penn 3650 
 
39.25224 N 106.11995 W Penstemon whippleanus W 
687 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Not foraging W 
688 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Yellow bag W 
689 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Yellow bag W 
690 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Yellow bag W 
691 Sylvicola Penn 3650 
 
39.25224 N 106.11995 W Yellow bag W 
692 Flavifrons Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
693 Flavifrons Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
694 Flavifrons Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
695 Flavifrons Penn 3563 
 
39.20702 N 106.16520 W Senicio W 
696 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
697 Flavifrons Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
698 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
699 Sylvicola Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
700 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
701 Frigidus Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
702 Sylvicola Penn 3563 
 
39.20702 N 106.16520 W Yarrow W 
703 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
704 Flavifrons Penn 3563 
 
39.20702 N 106.16520 W N/A W 
705 Frigidus Penn 3563 
 
39.20702 N 106.16520 W Yarrow W 
706 Sylvicola Penn 3563 
 
39.20702 N 106.16520 W Big Yellow Aster M 
707 Frigidus Penn 3563 
 
39.20702 N 106.16520 W Yellow aster W 
708 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Castilleja occidentalis W 
709 Sylvicola Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
710 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Castilleja occidentalis W 
711 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
712 Flavifrons Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
713 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
714 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Penstemon whippleanus W 
715 Balteatus Penn 3563 
 
39.20702 N 106.16520 W Castilleja occidentalis Q 
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716 Frigidus Penn 3563 
 
39.20702 N 106.16520 W Aster W 
717 Sylvicola Penn 3563 
 
39.20702 N 106.16520 W Cirsium clavatum M 
718 Centralis Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon W 
719 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon W 
720 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
721 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
722 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
723 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
724 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus M 
725 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
726 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
727 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
728 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W Purple aster W 
729 Flavifrons Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
730 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
731 Flavifrons Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
732 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
733 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
734 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
735 Flavifrons Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
736 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
737 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
738 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
739 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W WPenstemon whippleanus W 
740 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W Not foraging W 
741 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon W 
742 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon W 
743 Sylvicola Quail 3763 
 39°1.0895 N 106°24.2926 
W Not foraging W 
744 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
745 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
746 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
747 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
748 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
749 Balteatus Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
750 Flavifrons Quail 3763 
 39°1.0895 N 106°24.2926 
W Penstemon whippleanus W 
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751 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
752 Occidentalis Quail 3646 
 39°0.9016 N 106°24.2499 
W Not foraging ? 
753 Balteatus Quail 3646 
 39°0.9016 N 106°24.2499 
W Penstemon whippleanus W 
754 Sylvicola? Quail 3646 
 39°0.9016 N 106°24.2499 
W Not foraging W 
755 Flavifrons Quail 3646 
 39°0.9016 N 106°24.2499 
W Cirsium clavatum W 
756 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
757 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
758 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
759 Balteatus Quail 3646 
 39°0.9016 N 106°24.2499 
W Castilleja occidentalis W 
760 Flavifrons Quail 3646 
 39°0.9016 N 106°24.2499 
W N/A W 
761 Balteatus Quail 3646 
 39°0.9016 N 106°24.2499 
W Penstemon whippleanus W 
762 Balteatus Quail 3646 
 39°0.9016 N 106°24.2499 
W Not foraging M 
763 Balteatus Quail 3646 
 39°0.9016 N 106°24.2499 
W Purple penstemon W 
764 Balteatus Quail 3646 
 39°0.9016 N 106°24.2499 
W Purple penstemon W 
765 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Penstemon whippleanus W 
766 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Tiny white (Sandwort) W 
767 Sylvicola? Quail 3646 
 39°0.9016 N 106°24.2499 
W Tiny white (Sandwort) W 
768 Sylvicola? Quail 3646 
 39°0.9016 N 106°24.2499 
W Tiny white (Sandwort) W 
769 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Tiny white (Sandwort) W 
770 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Tiny white (Sandwort) W 
771 Flavifrons Quail 3646 
 39°0.9016 N 106°24.2499 
W Penstemon whippleanus W 
772 Balteatus Quail 3646 
 39°0.9016 N 106°24.2499 
W Castilleja occidentalis W 
773 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
774 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
775 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
776 Balteatus Quail 3646 
 39°0.9016 N 106°24.2499 
W Purple penstemon W 
777 Melanopygus Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
778 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
779 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
780 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
781 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
782 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
783 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
784 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Big Yellow Aster W 
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785 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Small Yellow Aster W 
786 Rufocinctus Quail 3646 
 39°0.9016 N 106°24.2499 
W Trifolium dasyphyllum W 
787 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Sandwort (Fenders) W 
788 Sylvicola Quail 3646 
 39°0.9016 N 106°24.2499 
W Sandwort (Fenders) W 
789 Mixtus Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
790 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
791 Flavifrons Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
792 Flavifrons Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
793 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
794 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
795 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
796 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
797 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
798 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia M 
799 Flavifrons Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
800 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
801 Flavifrons Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
802 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
803 Flavifrons Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
804 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
805 Flavifrons Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
806 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Big Yellow Aster W 
807 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Big Yellow Aster W 
808 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Big Yellow Aster W 
809 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia Q 
810 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W N/A Q 
811 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
812 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Big Yellow Aster W 
813 Flavifrons Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
814 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W N/A W 
815 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Big Yellow Aster W 
816 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Big Yellow Aster W 
817 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Big Yellow Aster W 
818 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
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819 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
820 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
821 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
822 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Castilleja occidentalis W 
823 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
824 Sylvicola Quail 3595 
 39°0.8484 N 106°24.2939 
W Big Yellow Aster W 
825 Balteatus Quail 3595 
 39°0.8484 N 106°24.2939 
W Mertensia W 
826 Flavifrons Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
827 Flavifrons Quail 3595 
 39°0.8484 N 106°24.2939 
W Cirsium clavatum W 
828 Balteatus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
829 Balteatus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
830 Balteatus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
831 Frigidus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
832 Flavifrons Penn  
 
39.25547 N 106.128 W Mertensia W 
833 Frigidus Penn  
 
39.25547 N 106.128 W Phacelia (Purple Pincushion) W 
834 Frigidus Penn  
 
39.25547 N 106.128 W Phacelia (Purple Pincushion) W 
835 Frigidus Penn  
 
39.25547 N 106.128 W Phacelia (Purple Pincushion) W 
836 Sylvicola Penn  
 
39.25547 N 106.128 W Phacelia (Purple Pincushion) Q 
837 Flavifrons Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
838 Sylvicola Penn  
 
39.25547 N 106.128 W Senicio W 
839 Sylvicola Penn  
 
39.25547 N 106.128 W Phacelia (Purple Pincushion) W 
840 Sylvicola Penn  
 
39.25547 N 106.128 W Phacelia (Purple Pincushion) W 
841 Balteatus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
842 Balteatus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus M 
843 Frigidus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
844 Sylvicola Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
845 Balteatus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
846 Balteatus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
847 Balteatus Penn  
 
39.25547 N 106.128 W Penstemon whippleanus W 
848 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W N/A M 
849 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
850 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
851 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
852 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
853 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
854 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
855 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
856 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Chionophila jaMertensiasoni W 
857 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) M 
858 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
859 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Bistort W 
860 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
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861 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W N/A W 
862 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
863 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W N/A W 
864 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Minuardia?  W 
865 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
866 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
867 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
868 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
869 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Minuardia?  W 
870 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Minuardia?  W 
871 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
872 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
873 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W N/A W 
874 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
875 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Minuardia?  M 
876 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Mertensia W 
877 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
878 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Minuardia?  W 
879 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W White penstemon W 
880 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
881 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
882 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
883 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Minuardia?  W 
884 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W N/A W 
885 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W N/A W 
886 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Minuardia?  W 
887 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Minuardia?  W 
888 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
889 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Minuardia?  W 
890 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
891 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Minuartia?  M 
892 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W N/A W 
893 Flavifrons Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
894 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
895 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
896 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W N/A W 
897 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Chionophila jaMertensiasoni W 
898 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Bistort W 
899 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
900 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Mertensia W 
901 Non focal Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
902 Balteatus Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
903 - Niwot 3600 
 
40.0558333 N -105.5961 W - W 
904 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
905 Sylvicola Niwot 3600 
 
40.0558333 N -105.5961 W Silene acaulus (Tiny pink) W 
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906 Sylvicola Niwot 3500 
 40.057156 N -105.589895 
W Minuartia?  W 
907 Mixtus Niwot 3500 
 40.057156 N -105.589895 
W NA W 
908 Sylvicola Niwot 3500 
 40.057156 N -105.589895 
W NA W 
909 Sylvicola Niwot 3500 
 40.057156 N -105.589895 
W NA W 
910 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Sedum W 
911 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Sedum M 
912 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Sedum W 
913 Balteatus Niwot 3745 
 40.05971667 N -105.61645 
W Not foraging W 
914 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Trifolium dasyphyllum W 
915 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Trifolium dasyphyllum W 
916 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Silene acaulus (Tiny pink) W 
917 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Sedum W 
918 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W NA W 
919 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Sedum W 
920 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Sedum W 
921 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Sedum W 
922 Balteatus Niwot 3745 
 40.05971667 N -105.61645 
W Trifolium dasyphyllum W 
923 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Trifolium dasyphyllum W 
924 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W NA W 
925 Balteatus Niwot 3745 
 40.05971667 N -105.61645 
W Trifolium dasyphyllum W 
926 Balteatus Niwot 3745 
 40.05971667 N -105.61645 
W Trifolium dasyphyllum W 
927 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Trifolium dasyphyllum W 
928 Sylvicola Niwot 3745 
 40.05971667 N -105.61645 
W Trifolium dasyphyllum W 
929 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
930 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
931 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
932 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
933 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
934 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
935 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
936 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
937 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
938 Frigidus Niwot 3675 
 40.05731667 N -
105.6077833 W N/A W 
939 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
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940 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Gentian W 
941 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
942 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
943 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
944 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
945 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Pedicularis groend. W 
946 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
947 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
948 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
949 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
950 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
951 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
952 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
953 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
954 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
955 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
956 Balteatus Niwot 3675 
 40.05731667 N -
105.6077833 W Castilleja occidentalis W 
957 Sylvicola Niwot 3675 
 40.05731667 N -
105.6077833 W Sedum W 
958 Balteatus Niwot 35-3600 
 
 N/A W 
959 Balteatus Niwot 35-3600 
 
 Chionophila jaMertensiasoni W 
960 Bifarius Niwot 3745 
 40.05971667 N -105.61645 
W Sedum W 
102
4 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum Q 
102
5 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum Q 
102
6 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Pink Castilleja occidentalis Q 
102
7 Occidentalis 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum Q 
102
8 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W On the wing Q 
102
9 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum Q 
103
0 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum M 
103
1 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum Q 
103
2 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
103
3 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Penstemon whippleanus W 
103
4 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Rhodiola rhodantha W 
103
5 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Rhodiola rhodantha W 
103
6 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
103
7 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W 
White loCastilleja 
occidentalisweed W 
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103
8 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
103
9 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Taraxacum officionale W 
104
0 N/A? 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
104
1 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
104
2 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
104
3 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
104
4 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Pedicularis goenlandicailla W 
104
5 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Rhodiola rhodantha W 
104
6 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Taraxacum officionale W 
104
7 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W 
White loCastilleja 
occidentalisweed W 
104
8 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
104
9 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Penstemon whippleanus W 
105
0 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W 
White loCastilleja 
occidentalisweed W 
105
1 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
105
2 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
105
3 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
105
4 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
105
5 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Pedicularis goenlandicailla W 
105
6 Flavifrons 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
105
7 Frigidus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
105
8 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
105
9 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
0 Flavifrons 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
1 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
2 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
3 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
4 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
5 Flavifrons 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
6 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
7 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
8 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
106
9 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
107
0 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
107
1 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Penstemon whippleanus W 
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107
2 Flavifrons 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Penstemon whippleanus W 
107
3 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Penstemon whippleanus W 
107
4 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Purple Castilleja occidentalis W 
107
5 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Kings crown W 
107
6 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W On the wing W 
107
7 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
107
8 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Penstemon whippleanus W 
107
9 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
108
0 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
108
1 Sylvicola 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W N/A W 
108
2 Balteatus 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Purple (fridge) W 
108
3 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster M 
108
4 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster M 
108
5 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
108
6 Frigidus 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Potentilla W 
108
7 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster W 
108
8 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W On the wing W 
108
9 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
109
0 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster M 
109
1 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster W 
109
2 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster W 
109
3 Balteatus 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
109
4 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster W 
109
5 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
109
6 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster W 
109
7 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
109
8 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster W 
109
9 Centralis 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Mertensia W 
110
0 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
110
1 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster W 
110
2 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
110
3 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
110
4 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster W 
110
5 Balteatus 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Small yellow aster W 
120 
 
110
6 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
110
7 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
110
8 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
110
9 Sylvicola 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Yellow aster W 
111
0 Balteatus 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Purple (fridge) W 
111
1 Balteatus 
Silverheel
s 3630 
 39°20.0073 N 106°2.3609 
W Purple (fridge) W 
111
2 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
111
3 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
111
4 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
111
5 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
111
6 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
111
7 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
111
8 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
111
9 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
112
0 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
112
1 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
112
2 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum M 
112
3 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum M 
112
4 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum M 
112
5 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
112
6 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
112
7 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
112
8 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
112
9 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
113
0 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
113
1 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
113
2 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
113
3 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
113
4 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
113
5 Flavifrons 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
113
6 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W On the wing W 
113
7 Flavifrons 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
113
8 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
113
9 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
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114
0 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
114
1 Flavifrons 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
114
2 Balteatus 
Silverheel
s 3655 
 39°20.9870 N 106°1.4520 
W Cirsium clavatum W 
114
3 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Small yellow aster M 
114
4 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Bistort M 
114
5 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Small yellow aster M 
114
6 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Bistort M 
114
7 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Unknown white W 
114
8 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Yellow aster W 
114
9 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Yellow aster W 
115
0 Flavifrons Elbert 3770 
 
39°7.7661 N 106°25.614 W Penstemon whippleanus W 
115
1 Flavifrons Elbert 3770 
 
39°7.7661 N 106°25.614 W Penstemon whippleanus W 
115
2 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Penstemon whippleanus M 
115
3 Flavifrons Elbert 3770 
 
39°7.7661 N 106°25.614 W Penstemon whippleanus W 
115
4 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Sandwort (Fenders) W 
115
5 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Sandwort (Fenders) W 
115
6 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Sandwort (Fenders) W 
115
7 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Sandwort (Fenders) W 
115
8 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Sandwort (Fenders) W 
115
9 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Speedwell  W 
116
0 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W On the wing W 
116
1 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Unknown purple W 
116
2 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
116
3 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
116
4 Flavifrons Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
116
5 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
116
6 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
116
7 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
116
8 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Penstemon whippleanus W 
116
9 Flavifrons Elbert 3770 
 
39°7.7661 N 106°25.614 W Penstemon whippleanus W 
117
0 Flavifrons Elbert 3770 
 
39°7.7661 N 106°25.614 W Penstemon whippleanus W 
117
1 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Little white? W 
117
2 Melanopygus Elbert 3770 
 
39°7.7661 N 106°25.614 W Big Yellow Aster W 
117
3 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
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117
4 Mixtus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
117
5 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
117
6 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
117
7 Unknown Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
117
8 Flavifrons Elbert 3770 
 
39°7.7661 N 106°25.614 W Sandwort (Fenders) W 
117
9 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Sandwort (Fenders) W 
118
0 Centralis Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
118
1 Flavifrons Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
118
2 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
118
3 Mixtus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
118
4 Mixtus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
118
5 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
118
6 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Purple aster W 
118
7 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Small yellow aster W 
118
8 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Small yellow aster W 
118
9 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Small yellow aster W 
119
0 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
119
1 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
119
2 Flavifrons Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
119
3 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
119
4 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
119
5 Balteatus Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
119
6 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
119
7 Sylvicola Elbert 3770 
 
39°7.7661 N 106°25.614 W Mertensia W 
119
8 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Cirsium clavatum W 
119
9 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Cirsium clavatum W 
120
0 Balteatus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Castilleja occidentalis W 
120
1 Melanopygus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
120
2 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
120
3 Melanopygus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
120
4 Mixtus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
120
5 Mixtus Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
120
6 Mixtus Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
120
7 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
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120
8 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
120
9 Melanopygus Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
121
0 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
121
1 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
121
2 Frigidus Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
121
3 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
121
4 Mixtus Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
121
5 Mixtus Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
121
6 Melanopygus Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
121
7 Mixtus Elbert 3681 
 39°7.8340 N 106°25.4733 
W TWS W 
121
8 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
121
9 Mixtus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
122
0 Melanopygus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Penstemon whippleanus W 
122
1 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Penstemon whippleanus W 
122
2 Frigidus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
122
3 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
122
4 Mixtus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
122
5 Balteatus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Castilleja occidentalis W 
122
6 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Castilleja occidentalis W 
122
7 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster W 
122
8 Frigidus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster W 
122
9 Frigidus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster M 
123
0 Frigidus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster W 
123
1 Frigidus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
123
2 Frigidus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
123
3 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
123
4 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
123
5 Frigidus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Small yellow aster W 
123
6 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Small yellow aster W 
123
7 Appositus? Elbert 3681 
 39°7.8340 N 106°25.4733 
W Small yellow aster W 
123
8 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
123
9 Balteatus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
124
0 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
124
1 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
124 
 
124
2 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
124
3 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Small yellow aster W 
124
4 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Small yellow aster W 
124
5 Mixtus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Small yellow aster W 
124
6 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Small yellow aster W 
124
7 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Small yellow aster W 
124
8 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Small yellow aster W 
124
9 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
125
0 Unknown Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
125
1 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
125
2 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
125
3 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
125
4 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
125
5 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
125
6 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster W 
125
7 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster W 
125
8 Flavifrons Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster W 
125
9 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster W 
126
0 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster W 
126
1 Frigidus Elbert 3681 
 39°7.8340 N 106°25.4733 
W Yellow aster W 
126
2 Sylvicola Elbert 3681 
 39°7.8340 N 106°25.4733 
W Sandwort (Fenders) W 
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Appendix B: Supplementary Tables and Figures 
 
Table A2 Total number of specimens collected from each elevation within each site 
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Table A3 Tests for Hardy-Weinberg probability and heterozygote deficiency by locus and 
population. Significant values are in bold and standard error is reported 
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Table A4 Log-likelihood ratio and probability tests for LD for each locus pair, across all 
populations. Significant values are in bold.   
 
129 
 
Table A5 Log likelihood ratio test for linkage disequilibrium for each population and locus 
pair. Significant values are in bold 
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Table A6 Probability test for linkage disequilibrium for each population and locus pair. 
Significant values are in bold 
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Table A7 Total allele frequencies, average number of alleles per locus, and total observed 
and expected homozygotes and heterozygotes for each marker and population.  Dashes 
represent alleles that were not present at a particular locus for a particular population 
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Table A8  FIS estimates by locus and population and averaged across locus and population 
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